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The C-E Unit shown above is one of two duplicates now under 
construction for the Gallatin Steam Plant of the Tennessee Valley 
Authority at Gallatin, Tennessee. 

Each of these units is designed to serve a 250,000-kw turbine 
generator operating at a throttle pressure of 2000 psi with a 
primary steam temperature of 1053 F, reheated to 1053 F. 

They are of the controlled-circulation, radiant type with a 
separated furnace arrangement. Secondary superheater surface is at 
the outlet of one furnace and reheater surface at the outlet of the 
other. Primary superheater sections and economizer surface follow 
both the secondary superheater and reheater surfaces. Regenerative 
air heaters follow the economizer surfaces. The section shown above 
is taken through the superheater furnace. 

Pulverized coal firing is employed, using bowl mills and tilting, 
tangential burners. Natural gas may be used as an alternate fuel 
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BAYER 
STEPS UP BOILER PERFORMANCE 


DISTINCTLY 
DIFFERENT 


ed Valves are 
long life 
ed tightness 


WITH THE Bayer Balanced Valve Soot Cleaner 
the balancing chamber above the piston disc 
impounds steam when the valve closes, thus 
relieving valve parts fromm shock. The valves 
remain steam tight because the dashpot action 
causes the valve to seat gently. Unbalanced 
valves close with a hammer stroke and soon 


become leaky 


When stationary elements are used the 
Bayer stationary balanced valve head may be 


furnished. Thus all the cleaning elements of 


the entire soot cleaner system can be controlled 
by the Bayer quick-opening Balanced valves. 
This gives a uniform or standard valve con 


Bayer Single Chain Balanced 


Valve Soot Cleaner. 


trolled system and in addition, when high pres 
sures require a reduction in pressure at each 
individual element this Balanced valve unit, 
whether used with a stationary or a revolving 
element, can be fitted with an integral orifice 


plate valve. 


Piping connections can be kept in the same 
plane and undesirable bends or fittings avoided 
when the Bayer Balanced Valve is installed with 
both stationary and revolving elements 


Valve parts are standard and interchange 
able and when high pressure heads are fitted 
with orifice plate regulating valves these parts 


are also interchangeable. 


THE BAYER COMPANY 


SAINT LOUIS, MISSOURI, U.S.A. 
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M. W. KELLOGG'S 
“ATOMIC CAMERA” 








To meet the demand for more electrie power, and to increase 


output with the least possible increase in fuel, the trend in 






utility steam power plants, as reported everywhere, is to 







higher temperatures and pressures. Thus steam piping 





main and reheat—becomes even more critical than before. 





One way in which The M. W. Kellogg Company, leading 






fabricator of power piping, keeps pace with increases in 






temperature, pressure, and capacity demands is in its testing 






techniques. Most recent Kellogg development is the com 





pany’s “atomic camera’’. Activated by isotopes such as co- 





balt, iridium, and cesium, this powerful and portable device 





can photograph welded sear up to six inches thick in a 






single, short exposure. The same test by traditional X-ray 






equipment would take considerably longer. 





The M. W. Kellogg Company was among the first to be 





permitted by the AEC to use isotopes of this magnitude 






The atomic camera has already proved its value in the con- 
struction of many important public utility jobs. It is indica FABRICATED PRODUCTS UIVISION 












» of » Kello wearch and e »e *h guard the THE M. W. KELLOGG COMPANY, 225 BROADWAY, NEW YORK 7, N.Y. 
tive of the Kellogg research and engineering which guard th Te SOE, Se ceniaan Eek, Sibeas «Maan AAR, heaton 
vital link between steam power plant boilers and turbines. SUBSIDIARIES OF PULLMAN INCORPORATED 














__/RA\__ 
ill KELLOGG 
w 


POWER PIPING-THE VITAL LINK 
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In the 267 new 


units being started in 40 different states 


during the 1953-56 period, 75% of the 


boilers will be equipped with 





Consolidated Maxiflow Safety Valves 
...300% will also have Consolidated 


Electromatic Relief Valves. These 


D 
oo 


bulletins tell you why. 


Consolidated Maxifiow Safety Valve | Consolidated Electromatic Relief Valve BULLETIN 720 tells 
BULLETIN 707 contains data about how this valve assures (1) more accurately balanced 
the greater discharge capacity, boiler operation; (2) more uniform line pressurs 
permanent tightness and easily (3) power conservation; (4) less maintenance of 
controlled blowdown that make spring-loaded safety valves; (5) greater protection 


; this valve outstanding in safety against overheating your superheater; (6) increased 
D and service efficiency for your steam generating plant. 
>» 
Both bulletins give complete specifications. Write for copies. 
CONSOLIDATED SAFETY VALVES 
tie a 
re, aa 


A product of MANNING, MAXWELL & MOORE, INC. stratford. conn 


MAKERS OF ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN’ AND ‘AMERICAN-MICROSEN 
INDUSTRIAL INSTRUMENTS, ‘HANCOCK’ VALVES, ‘ASHCROFT’ GAUGES, AIRCRAFT PRODUCTS. BUILDERS OF 
SHAW-BOXK" AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES 
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Westinghouse Design 14 Compressors 
Engineered to Handle Any Job— 
500 to 200,000 cfm at Pressures up to 110" w.g. (4 psi) 


WIDE RANGE OF APPLICATION 
IN POWER GENERATION AND INDUSTRY 


Here is a line of centrifugal compressors for wide appli- 
cation 

In the power field, they provide economical 
forced draft for pressurized and cyclone furnaces. 

Industrial uses include such varied applications 
as combustion, catalyst conveying, scavenging, 
flotation, aeration of liquids and many others. 

These compre maintain Constant pressure over a 
wide range of air output—also available with adjustable 
inlet Spin Contro r economical part load operation 


WESTINGHOUSE 
AIR HANDLING 


you Caw Be SURE... iF its 


Westinghouse 
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Design 14 Compressors operate in parallel 


with either motor or turbine drive 


QUIET OPERATION— 


Casing proportions and streamlined wheel passages 
make Westinghouse Design 14 ¢ ompressors inherently 
quiet Accessory sound-absorbing trunks of proved de- 
sign available to reduce noise level even further where 


required because of location 


MORE FACTS? 

Call your nearest Westinghouse-Sturtevant Sales Engi- 
neer he’s the ““Man with the Facts” on heating, ai 
handling, and electronic air cleaning or fill in the 


coupon below 


Westinghouse Electric ¢ orp 
Sturtevant Division, Dept. 10B 
Hyde Park. Boston 46. Mass 


Ple e send more information on \ 


AND TITLt 


our Design 14 Compres 


aw 





BEACON COKING COALS 


Produced by Coke Oven Operators 


Here are some facts that may interest 
you. as a coke plant operator—-when 
you are thinking about your source of 
supply for coking coals 

We have been large-scale coke pro- 
ducers for many years, and know coke 
oven problems and coking coal needs 


We maintain a modern laboratory for 


coul and coke research, and verify 
laboratory findings in actual plant 
operations. 

We operate the mines that supply us 
with the kinds of coking coals that our 
research and our experience have proven 
most desirable 

Doesn't it stand to reason that coking 


coals produced by those mines should 
have something a little extra-special to 
offer for coke plant use? 

And doesn’t it stand to reason that 
YOU could benefit by buying these 
coals for your own ovens? 

It looks that way to us. We hope it 
looks that way to YOU, too. 


EASTERN GAS AND FUEL ASSOCIATES 


PITTSBURGH * BOSTON « CLEVELAND « DETROIT « NEW YORK « NORFOLK «+ PHILADELPHIA « SYRACUSE 
For New England: 


NEW ENGLAND COAL & COKE CO. 


For Export: 


CASTNER, CURRAN & BULLITT, INC. 





Here’s The Inside Story On The New 


S-E-CO. Coal Valve 


Strip the 4%” steel skin off our new coal valve and you'll quickly see why you get 


more when you buy S-E-Co. 

First, notice the deep U-shaped gate which completely shields rollers, racks and 
pinions from coal flow. See how the gate provides lap closure on all four sides 
assuring positive cut-off. Also, note the stainless steel liner on top side of the gate 


to combat corrosion. 


Carefully formed ladder racks, for their part, are self-cleaning having no root portion 

in which coal dust can build up and cause jamming. The multi-faced pinions, located 

above the racks, are also of self-cleaning design. Consequently, the gate moves smooth- 

ly with little effort, even after long periods of not being operated. 

Notice the clean interior design. Slopes have been kept at a maximum with shoulders 

and projections e‘iminated. Even the poke hole covers fit flush with the inside of the 
valve body so that nothing interferes with flow 
of coal through the valve. 
For a complete list of all the outstanding fea- 
tures of the new S-E-Co. Coal Valve together 
with installation photographs and dimensions, 
write for Bulletin No. 97. 


STOCK Equipment Company 


745-C, HANNA BLDG., CLEVELAND 15, OHIO 


COMBUSTION—March 1955 





The modern 
wide range « 
blade mediu 
especially su 


VENTILATING 


8 


| J He = 


ee A Qe We 
, 


Tg St 


SUPPLY MUST BE 
DEPENDABLE, 
TOO! 


SPECIFY 


“BUFFALO” 
DRAFT FANS 


FOR DELIVERY YOU CAN COUNT ON 


Since air is as important to combustion as 
fuel, why take a chance on your draft? 
“Buffalo” Mechanical Draft.has more than 
earned its reputation for reliability over half 
a century in many of the biggest utility 
stations and plant boiler rooms. That's due 
to the “Buffalo” “Q” Factor*, the standard 
we've always held to: “build it up to the job, 
not down to a price.’’ And users have reaped 
the benefits of longer fan service, fewer draft 
timeouts, easier maintenance — cheaper 
power output. “Buffalo” Induced Draft Fans, 
Forced Draft Fans, Primary Air Fans, Over- 
fire Blowers and Diesel scavenger Fans are 
ready to do the same for you, too. 
. & 
Buffalo” Induced Draft Fan provides stable performance over a Write today for Bulletin 3750 


f loads in today's high-resistance boiler systems. Its modified radia 


for valuable engineering 
m speed design, with low velocity through rotor and housing, 6 


ited (© counteract the severe abrasive action of hor fly-ash advice and facts on the 
fans. for your power job! 


"O” Factor the built-in Quality which provides 
trouble-free satisfaction and long life. 


BUFFALO FORGE COMPANY 
170 MORTIMER ST. BUFFALO. N.Y. 
Publish f “PAN ENGINEERING” Handbook 
Caradian Blower & Forge Co., Led., Kitchener, Ont. 


Sales Representatives in all Principal Cities 


AIR CLEANING AIR TEMPERING INDUCED DRAFT EXHAUSTING FORCED DRAFT COOLING HEATING PRESSURE BLOWING 
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Above —100,000X enlargement of latex spheres used to calibrate 
electron microscope in Nalco Laboratories. Actual diameter of 
spheres is 0.25 microns—.00000975 inches! Right—Inserting speci- 
men holder in vacuum chamber of Nalco electron microscope. 


... How they assist research 
toward better Water Treatment 


P erHaps even too small to make good marbles for 
microbes, these tiny spheres help Nalco Scientists in 
their investigations of the microscopic realms of matter 
only recently made visible to the human eye by the 


electron microscope 


Use of the electron microscope in water treatment re- 
search is significant because it typifies the continuing 
efforts of the entire Nalco organization to keep the 
Nalco System representative of the first and best in all 
phases of modern industrial water treatment. 


If you are not already participating in the economy 
and efficiency of the Nalco System in your plant, write 
for details on real water treatment security today. 


NATIONAL ALUMINATE CORPORATION 
6234 West 66th Place @ Chicago 38, Illinois 


In Canada: Alchem Limited, 
Burlington, Ontario 


& 


SYSTEM... Serving Industry through 
Practical Applied Science 
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“le WATER TECHS 


New reprint of A.4.M.E. Paper No. 52-A-30: 


Experimental Studies of Boiler Tube Metal Tem- 
peratures: Effect of Heat Transfer Rate and 
Deposit Thickness, gives technical data on high- 
heat-transfer-rate effects (140,000 to 300,000 
Btu/sq. ft./hr.) at pressures from 250 to 2500 p.s.i. 
16 pages, with tables and diagrams. Author: 
C. Jacklin, Director, Engineering Research, 


National Aluminate Corporation. 


Your Copy Free Upon Request 











THIS 


The Lummus ( ompany working { losely with Pa ifie 
Gas & Electric Co. and Bechtel Corporation, has de 
signed and built a system « onsisting of triple effect evap 
orators and high purity bubble tray evaporators, one 
set for each of two boilers 

Each evaporator system will produce 50 gallons per 
minute of fresh water at design conditions having a 
vapor purity of less than | ppm total dissolved solids, 
from sea water containing approximately $6,000 ppm 
dissolved solids 

The ocean water first enters the evaporator ¢ ondenser 
and then goes to the first effect drain cooler where it is 
heated to 150°F. before entering the first effect evapora 
tor shell. From the first effect evaporator shell, the ocean 
water cascades to the second and third effect evaporator 
shells at which point its concentration would be one and 
one-half times that of the entering ocean wate 

The vapor from the first and second effect shells is 
used as the heating medium for the second and third 
effect shells. Steam from the fourth bleed point of the 
turbine is used as the heating medium for the high purity 
evaporator, and part of the vapor from the high purity 
evaporator is used as the heating medium for the first 


EVAPORATOR SYSTEM CONVERTS 
THE SEA INTO 


PURE WATER 


effect evaporator. The excess vapor produced in the high 
purity evaporator is bled to the main condenser. 
Lummus engineers will be pleased to work with you 


on your next project 


THE LUMMUS COMPANY, Heat Exchanger Divi 
sion: 385 Madison Avenue, New York 17, N. Y. 
Atlanta 
Dallas + Denver + Detroit + East Chicago, (Indiana) 
Houston Kalamazoo + Kansas City + Los Angeles 
Minneapolis « Nashville - Newton (lowa) + Niskayuna 
(New York) « Omaha + Pittsburgh + Rochester + Salt 
Lake City «San Francise o+ Springfield ( Massachusetts ) 
Toledo «+ Wayne (Penn.) + Athens + Buenos Aires 
- London + Mexico City 


Paris «+ Rome «+ San Juan 


Boston + Chicago + Cincinnati + Cleveland 


Caracas « The Hague + Lima 


Montreal 
Fabricated Piping Division Plant at East Chicago, Ind. 


Steam Surlace Condensers + Evaporator s « Extraction 
Bleeder Heaters Steam Jet Air E je tors « Steam Jet 
Refrigeration + Barometric Condensers + Heat Ex 
changers for Process and Industrial Use + Process 


Condensers + Pipe Line Coolers. 


LUMMUS 


THE LUMMUS COMPANY HEAT EXCHANGER DIVISION, 385 MADISON AVE., NEW YORK 17, N. Y. 
MEAT CeCHANOEE HiVItiIOR = & 


March 1955—-C OMBUSTION 





STANDARD 


The standard YARWAY 
Impulse Steam Trap serves all 
normal trapping requirements. 
Factory set to operate without 
adjustment at all pressures 
from 20 psi to 400 psi (Series 60) 
and 600 psi (Series 120). 

For pressures below 20 psi, 
merely remove split washer. 


Numerous advantages like: 
small size 
quick heating 
steady temperatures 
stainless stee] construction 
one moving part 
non-freezing 
low cost 
More than 900,000 used 
throughout industry. 


Write for YARWAY 
Bulletin T-1740. 





impulse — 
for you? | 5s INTEGRAL STRAINER 


YARWAY Integral Strainer 
High Pressure Impulse Steam 
Traps operate on some of the 
highest pressure steam lines 

in the country. Same operating 
principle as the standard 
YARWAY Impulse Trap. 
Strainer built into trap. 


Ample capacity when system 
is being ‘‘warmed up’’— yet will 
handle relatively small 
amounts of high temperature 
condensate without losing 
prime. Six sizes— 4" to 2”, 
Pressures to 1500 psi 

(flanged ends) or 2500 psi 
(welding ends). 


Write for YARWAY 
Bulletin T-1740. 


YARNALL-WARING COMPANY 
100 Mermaid Avenue, Philadeiphia 18, Pa. 


impulse steam traps 


YARWAY Impalse Steam Traps and Fine Screen Strainers 
are stocked and sold by more than 250 convenient 
local distributors. Write for name of one nearest you. 
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New England Eleetrie System 


American 
Blower 


Reports on progress 
in power 
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Narragansett Electric Company's South Street Steam largest electric utility systems in the United States 
Station in Providence, R.I Company is a |e iding sub A multi-million-dollar expansion and modernization 


sidiary of New England Electric System, one of 12 program was recently completed it South Street 


Ly 7 ; 
veers 
South Street Station is heated by American Blower 


lype H Steam coils. Capacity: 75,000 cfm at 70°! 
Coils are made from tubes of 90-10 cupra nickel 


For boilet feed-pump control American Blower lype VS 
Class 6 Grol Fluid Drives are installed at Narragansett’s 


South Street Station. Rating is 2500 hp at 3600 rpm Serving home and industry: NMERICAN-STANDARD 
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boosts capacity to 1,000,000 kw 


j er Narragansett Electric Company, a leading 
| A ¥ subsidiary of the New England Electric Sys- 
y | tem, relies on American Blower products in 


. 


its expansion program, 


In less than fifty years, the New England Electric 
System has grown from a one-plant operation to 
the largest utility electric system in New England. 
\ total of 37 plants (including 24 hydro, 12 steam 
and | Diesel operated) supply power to nearly 
250 communities in five states. The system now 


has a rated generating capacity of 1,000,000 kw 


NARRAGANSETT EXPANDS 


As part of New England Electric's vast program of 
expansion and modernization, The Narragansett 
Electric Company, Providence, R.I., a leading 
subsidiary, recently completed installation of a 
new Boiler Topping Unit in its South Street Station, 


increasing its capacity to 207,000 kilowatts, Steam 

Narragansett uses American Blower Sirocco Induced Draft 
Fans for air handlin ( ipacity 130.000 cim of eas at 300° 
sp at 875 rpm square inch pressure and 1000°F, and delivered 


is taken from the new boilers at 2000 pounds per 


to the Topper. To ensure smooth, adjustable-speed 
control of the boiler feed pumps, Narragansett 
S\e re r ’ chose American Blower Grol Fluid Drives LP ype 
, VS, Class 6. Narragansett also uses American 
—— pal i =e Blower Forced and Induced Draft Fans, Steam 


\ir Heaters and Ventilating Fans. 


CALL ON AMERICAN BLOWER 


If you are planning to expand or modernize your 
facilities, contact your nearest American Blower 
representative. He can recommend efficient, eco 
nomical equipment — including Mechanical Draft 
Fans, Fly Ash Precipitators, Dust Collectors, Heavy 
Duty Steam Coils and Grol Fluid Drives for boiler 
feed pump and fan control. Call your nearest Ameri 


can Blower Branch Office for full information 


AMERICAN BLOWER CORPORATION, DETROIT 32, MICHIGAN 
CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 


Division of American Radiator & Standard Sanitary Corporation 


American Blower Sirocco Forced Draft Fan at Narragansett’s a: 
South Street Station has radial inlet vane control Capacity AMER CAN = ° ER 


75,000 cfm of air at 80°F at 18” sp at 875 rpm 


AMERICAN BLOWER © CHURCH SEATS & WALL TILE © DETROIT CONTROLS © KEWANEE BOILERS © ROSS EXCHANGERS © SUNBEAM AIR CONDITIONERS 
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Danskammer Point Steam Station of Central 
Hudson Gas & Electric Corporation. Consulting 
Engineers: Burns & Roe, Inc., New York City. 
Original capacity: 60,000 k.w. Present capac- 
ity: 120,000 k.w. Ultimate capacity: 320,000 
to 370,000 k.w. 


Planning Pays Off at Danskammer Point 


In planning the coal-handling system at Dans 


kammer, careful consideration was given to future 


power needs. By combining the experience of Cen 
the skill 


of the consulting engineers, Burns & Roe, Inc and 


tral Hudson Gas & Electric Corporation 


the know-how of Chain Belt Conveying Engineers, 


a truly expandable, efficient system was designed. 


The coal handling system was carefully planned 
to serve Unit No. |, the initial generating unit of 
60,000 k.w., and with an extension of the bunker 


, 


belt conveyor, to serve Unit No. 2 recently placed 


in operation, providing an additional 60,000 k.w. 


This flexibility of design and efficient opera- 
tion is typical of the benefits to be gained when 
you add the specialized skills of Chain Belt Con 
veying Engineers and top-quality Rex Coal Han- 
dling Equipment to your station planning team. 
When you plan a new station... or an expansion 
of your present one, put the team to work for you. 
Contact your nearest CHAIN Belt District Office or 
write CHAIN Belt Company, 4784 W. Greenfield 


Ave., Milwaukee 1, Wis. 


CHAISE! BELT COMPANY 


District Sales Offices in all principal cities 
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new units in 


years 


for New England 


=. 


Salem Harbor Station in Salem, Mass, 
Two 60,000 kw. units ‘51 & ‘52 


Manchester St. Station in Providence, R. |. 
Two 40,000 kw. units — ‘48 & ‘49 


Proof of the reliability of 
GRINNELL PREFABRICATED PIPING 


Here’s a clear-cut case of the value of choosing the right 
power piping fabricator from the start! New England 
Electric System, when launching its power expansion 
program, called in Grinnell. Satisfied that Grinnell’s 
facilities rated very high, they okayed Grinnell Prefabricated 
Piping for the first of a series of new steam-electric 

rhe “proving ground” was to be the 

unit itself in service. 


generating units 


How efficiently that unit performed is written in the 
record! For starting in 1948, and then each year for 5 
consecutive years, Grinnell Prefabricated Piping was 
employed exclusively in constructing 6 new units in the 


New England Electric System. 


This special ability in the fabrication of piping is due to a 
number of things. Grinnell fabricates in shops under ideal 
conditions, with modern equipment, by personnel qualified 
for each class of work. Included in the price (which is 
determined in advance) are such items of expense as: 
interpretive engineering, shop sketches and planning, 
procurement of materials, power services, expendable tools 
and supplies. There are no charges for waste material or 
spoilage. All piping is rigidly inspected and tested to comply 
exactly with customer specifications and applicable codes, 
Consult Grinnell on your next piping installation, 


Grinnell Company, Inc., Providence, Rhode Island ° 


pipe and tube fittings °* welding fittings * 
Grinnell-Sounders diaphragm valves * pipe * 
industrial supplies ° 
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engineered pipe hangers and supports * 
prefabricated piping * 
Grinnell automatic sprinkler fire protection systems . 


Electric System 





Webster St. Station in Worcester, Mass. 
30,000 kw. unit — ‘50 





South Street Station in Providence, R. | 
55,000 kw. topping unit — ‘53 


eeesese8e6s 





— 


© 


Main steam and reheat lines at reheat intercept valve, 
Salem Harbor Station. 


Company Grounds and Technical Associations, 
A 30-minute color sound film showing the quality 
and economy of Grinnell Shop Fabrication of all classes of 
piping is available. 


GRINNELL 


WHENEVER PIPING IS INVOLVED 


Write us, giving date desired, 


Coast-to-Coast Network of Branch Warehouses and Distributors 


Thermolier unit heaters * valves 
plumbing ond heoting specialties * water works supplies 


Amco air conditioning systems 


15 





Ingersoll-Rand does it again! 


New 110,000 sq. ft. condenser, serving 
at State Line Station of Chicago 


DEMONSTRATES SUPERIOR 


he new condenser at Chicago's State 
Line Station offers another example of 
the adaptability of !ngersoll-Rand con- 
denser design. It consists of two shells, 
installed parallel to the shaft of the low- 
pressure element of the cross-compound 
steam turbine generator. Each shell has 
55,000 sq. ft. condensing surface and 
forms a unified construction with the tur- 
bine’s side exhaust which it serves. This 
forward-looking design for Unit No. 3 
eliminates the problems which would 
have been encountered if vertical con- 


densers had been used in this design. 


Ingersoll-Rand surface condensers have 
long set the pace in central station prac- 
tice. Back in 1920, the basic principle of 


the I-R surface condenser was introduced 


as an entirely new concept in design. Ever 
since, an extensive program of research 
has been carried on to construct con- 
densers that give top performance in min- 
imum space—under any specified operat- 
ing conditions. This design for the State 
Line Station is typical of Ingersoll-Rand’s 


leadership in surface condenser progress. 


Ingersoll-Rand horizontal condensate 
pumps will be used—and three I-R 10- 
stage Class CHTA “double-case” high- 
pressure boiler feed pumps will also serve 
Unit No. 3 at State Line. Ask to have an 
I-R specialist study your power plant 
equipment needs—and submit recom- 
mendations to meet your particular re- 


quirements. 


“Wholly owned subsidiary of Commonwealth Edison Company 





PUMPS " COMPRESSORS * GAS AND DIESEL ENGINES * AIR AND ELECTRIC TOOLS 
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191,000 kw Unit No. 3 
District Electric Generating Corporation* 


ADAPTABILITY OF I-R DESIGN 


Ingersoll-Rand 110,000 sq 
ft. twin-shell surface con- 
denser, to be installed in 


State Line Station, Chicago 
District Electric Generating 
Ti ers Re ATi Corporation. Sargent & 
Lundy, Consulting Engi- 


11 Broadway, New York 4, N. Y. neers 
4-126 


VACUUM EQUIPMENT © ROCK DRILLS * TURBO-BLOWERS 
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C. H. WHEELER “SELF CLEANING” 


PATENT & DO 


REVERSE FLOW STEAM CONDENSER 





through poss 8, out threegh poss C and 

reverse the flew, gates move te left, closing the 

opening the right hand ports of chambers A & 

through belt, in threegh C and ovt through 8 and 

The same method applies, of course, te a non-divided water box 





No Shutdown —No Vacuum Loss for Tube Cleaning 


The C. H. Wheeler Patented Reverse Flow design 
makes either single or divided water box steam 
condensers self-cleaning. These condensers are 
saving power plants countless hours of downtime 
and reduced load formerly required for manual 
removal of debris and organic growth from 
clogged tube sheets. 

“Self-Cleaning” is accomplished by a set of 
sluice gates built integrally into C. H. Wheeler 
Surface Condensers which may be electrically or 
hydraulically operated to reverse the flow of 
cooling water through the tubes. This sudden 
flushing-in-reverse removes all debris and crusta- 
ceous matter and carries it out the discharge 
while corrying full load on the turbine and with- 
out reducing water flow. Also, the quick change 
in temperature shocks and dislodges marine 
growth. 

Depending on condition of the cooling water, 
C. H. Wheeler Reverse Flow condensers have 
gone two years and longer before requiring 





cleaning. A typical field report tells of regaining 
a half-inch loss of vacuum (due to fouled tubes 
and tube sheets) five minutes after reversing the 
flow of condenser cooling water. 

C. H. Wheeler custom - designs Reverse - Flow 
Condensers to suit any installation, arranging 
sluice gates and nozzles at top or bottom of water 
box and at any angle desired. Call a C. H. 
Wheeler representative to go over your specifica- 
tions. It will mean years of substantial savings. 


(BULLETIN 410 mailed on request) 


= 








Chart shows typical cycle of 
vecuum ond effect of reverse 
flow in a C.H. Wheeler Prtented 
Self-Cleaning Reverse Flow Con- 
denser. Mote that because of 
100% back flushing, the loss of 
vecuum during the reverse flew 
cycle is negligible. 
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PARTIAL LIST OF INSTALLATIONS 
OF C. H. WHEELER “SELF-CLEANING” REVERSE FLOW STEAM CONDENSERS 


Connecticut Light & Power Co. . . 24,000 sq. ft. Connecticut Light & Power, 
Connecticut Light & Power Co. 

Deven Station le 
Georgia Power Co., Atkinson Station, 47,000 sq. ft. Mencagshele Power Company, 
Alvbama Power Co, Units 1 & 2 


General Electric Co., Lynn Plant. . 
General Electric Co., Lynn Plent. . 
Keystone Steel & Wire, Peoria . . 
Virginian Railways, W. Ve... . . 
City of Wyandotte, Mich 
City of Kansas City, Konses. . . . 
New Bedford Gas & Edison Light, 
New Bedford, Mess. . . . 
New Bedford Gas & Edison Light . 
Connecticut Light & Power Ce., 


C.H. WE 


PB iiiit 


- 


Georgia Power Compony, 
Hammond Station, Units 1-2-3, 74,000 se. ft. 


Sz 


Sevth Carolina Electric & Gas, 

Unit #1 Urquhart Station . 45,000 sq. ft. City of Intksenville, Fla., 
South Carolina Electric & Gas, 

Unit #2 Urquhart Station . 45,000 sq. ft. 


_ 
La 


A 
S$ SS £85855 
2 22 222222 





COMBUSTION—March 1955 








High-Temperature (H-T) Water has important advantages 
over Steam for Heating or Process. Here’s Why... 


HIGHER AVAILABLE HEATS are on tap. Many more 
Btu's are in a cubic foot of H-T water than in a cubic 
foot of steam at the same pressure. The greater 
storage volume, full of a higher Btu-carrying fluid, 
gives a heat reservoir from 40 to 100 times that of 
an equivalent steam system 


UNIFORM TEMPERATURE CONDITIONS prevail at 
all loads because water is circulated throughout the 
system under positive controlled pressure. In process 
plants, you can isolate speciai equipment for very 
fine temperature control, to produce a better product 


CLOSE CONTROL OF TEMPERATURE can be main 
tained either at the boiler or at individual pieces of 
equipment. Since temperature in the H-T water sys- 
tem need not be a direct function of system pressure, 
moderate adjustment does not affect boiler operation 


SIMPLIFIED BOILER OPERATION is a result of the 
system's inherent heat reservoir. This permits use of 
automatic controls of proved reliability 


HEAT LOSS IS MINOR since H-T water systems are 
usually fully closed, constantly circulating water back 
to the boiler with no condensate losses. Thus, heat 
not used in process or heating returns to the boiler 
This represents a fuel saving of 10-20%, ...one that's 
more apparent the longer you operate the boiler. 


NO ELABORATE FEEDWATER TREATMENT is needed 
Since most H-T water systems are closed, full of water 
and free from air spaces, makeup requirements are a 
few gallons a day at most. Furthermore, there can be 
no active corrosion resulting from air-contact of 
wetted surfaces. These add up to substantially lower 
operating and maintenance expenses 

NO STEAM TRAPS which means the elimination of 
trap problems, maintenance costs and heat losses. 
NO PIPING GRADIENTS are required, because there 
is no condensate drainage to consider. What's more, 
since the H-T water is under positive pressure, there 
is maximum flexibility in the arrangement of heating 
circuits. 
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The €-E LaMont Controlled Circulation Hot Water Boiler 


for large heating and process applications 


Combustion’s high-temperature (H-T) water boiler is especially designed 
to utilize the inherent advantages of hot water over steam (see opposite 
page) for large central heating installations and for many process applica- 
tions. Units are available in sizes from 10,000,000 Btu per hour up, for 
any fuel, with pressures up to 300 psi and water temperatures to about 425 F. 
The chief advantages of the C-E La MONT Controlled Circulation Hot 


Water Boiler are: 
. 


Complete control - System control over the If you have a heating or process job that’s 
a se aa page: ap - uy boiler suitable for high-temperature water, it will 
ata eat rates, since e water is under posi- : : 
sive, cbatrolied pressute. pay you to look into a C-E La Mont instal- 
lation. As compared to steam, it will give 
loss inherent in the design, the system circulat- desi a simpler and less ns distribu- 
ing pumps can be used to provide circulation tion system and lower fuel and maintenance 
through the boiler. costs, plus the specific advantages described 
at left. Write for further information. 


Low pressure loss — Because of the low pressure 


Pressurized operation — Used with oil or gas 
fired boilers, pressurized operation permits a 


simple stack arrangement and eliminates the TYPICAL APPLICATIONS OF H-T WATER 
need for induced draft fans. 


Space Heating Heating Platens 
Single-pass design — Absence of baffles not only 
, Ovens Hot Tables 
assures low draft loss but also a cleaner boiler nil 
since there are no dead areas where deposits vaume Snow Melting Coils 
are likely to accumulate. Kettles Cafeteria and 
Calendar Rolls Kitchen Apparatus 


High furnace heat rates — The close spacing of 
furnace wall tubes offers greater wall protec- 
tion, permits high heat rates in the furnace with 
low maintenance. 







[} ewrcer 


Unit as arranged for 
firing by C-E Spreader 
Stoker. Photograph on 
opposite page shows 
oil-fired installation. 


More efficient heat transfer — Since the water is 
positively circulated through the heating cir- 
cuits, these circuits may be proportioned and 
arranged for maximum efficiency. 

Lighter boiler weight — Less surface is needed 
because heating surfaces are more efficient. 
With closely spaced wall tubes, setting thick- 
ness is reduced. 

Any fuel — Boilers can be arranged for oil or 
gas burners, or spreader stokers. Special designs 
using other types of firing or waste heat are i 
also available. mer —pf jae 
Other design features — All boiler tubes are 
completely drainable and ventable—small num- 
ber of headers all accessible from outside of [| # ...... 
casing — completely steel-enclosed setting. mS 1 = 


COMBUSTION pier eo 


Combustion Engineering Building * 200 Madison Avenue, New York 16, N. Y. 
SOILERS, FUEL SURNING & RELATED EQUIPMENT, PULVERIZERS, AIR SEPARATORS & FLASH ORYING SYSTEMS, PRESSURE VESSELS, AUTOMATIC WATER HEATERS, SOIL PIPE 
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Hot Proposition 


Buell offers you a unique opportunity to eliminate nuisance dust 


problems without risking a single cent! 


Many of America’s Leading Corporations have already taken 
advantage of this ‘red hot proposition’. Why don’t you? 


Just call in a Buell Engineer and put your problem in his hands 
First, he will analyze dust samples from your stack, then make a 
thorough study of operating conditions. Finally, he will recom- 
mend the best Buell equipment to handle your job 


There are many variables that make each job different. One may 
require the fabulously successful Buell ‘SF’ Electric Precipitator 
Ihe simple design and proved efficiency of the Buell Cyclone 
may suffice for another. A third may require a combination 


The right equipment plus over twenty years of skill and experi 


ence enables Buell to handle any dust collection problem 


Take advantage of this ‘red hot proposition’ now. Get the 
complete facts about all three Buell systems described in our 
brochure —The Collection and Recovery of Industrial Dusts 
Write Dept. 70-C, Buell Engineering Company, 

70 Pine Street, New York 5, N. Y. 





MECHANICAL , . 7 . sppe . . 
20 Years of Engineered Efficiency in 


2 \ aan DUST COLLECTION SYSTEMS 
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| MODERN METHODS 


of Coal Handling 


14 TONS OF COAL AT A TIME is stock 
piled or reclaimed at an Eastern utility by 
this HD-20 Tractor with special Baker coal 
blade. Blade design takes advantage of trac 
tor’s big 175 net engine hp, permits moving 
up to 15 percent more coal than with regu 
lar blade. Repeated trips of 25-ton unit 
over stockpile compacts coal, helps prevent 
spontaneous combustion 








COKE IS STOCKPILED AT A STEEL 
MILL leveled and compacted by this Allis 
Chalmers 72 drawbar hp HD-9 Tractor 
then is reclaimed as needed for the plant 
Wintertime operation no longer is hindered 
by freezing of coke surface as it was with 
system previously used 





‘ * ‘a 


tn ! 
i = ‘ s Vie oy , yn ERY 
VERSATILE HD-9G WITH 3%-YD. 
(2.8-TON) BUCKET builds storage pile of 
coal brought to Midwest industrial plant 
by truck. These coal-handling buckets are 
available for all four Allis-Chalmers trac 
tors, from 2-yd capacity on the HD-5G to 
7-yd on the HD-20G, Blades and other at 
tachments are interchangeable with buckets 
to widen the usefulness of Tractor Shovels. 


4 


COAL IS RECLAIMED AS NEEDED from the storage pile of a Michigan 
industrial plant by this Allis-Chalmers 109 drawbar hp HD-15 Tractor with 
Gar Wood straight blade and wings. It moves about 9 tons of coal at a 
time. Unit also stores coal, which is brought in by rail. Tractor handling of 

i! is flexible, can either supplement existing facilities or take over com 
ete job. Permits adding storage areas without installing costly conveyors, 
racks, et or abandoning them without leaving money tied up in idle 


equipment 


Find ovt more about how Allis- Fi 
Chalmers equipment can improve 


2 
° 


your coal handling at lower cost. See J 
your Allis-Chalmers dealer for a 

demonstration right at your plant, or * ’ 
ask to see the color film showing bag 


coal-handling equipment at work. ; 
TRACTOR DIVISION . MILWAUKEE 1, U.S.A. - 


Also, send for free booklet, 
“Economic Coal Storage.” 


' 





DIAMOND 
"“MULTI-PORT” 
Bi-Color Gauge 


“— 





e " RT” 
FLANGES ELIMINATE MULTI-PO 
END STEMS Advantages: 


AND STUFFING BOXES (1) “Bi-Color” principle shows steom 
red and water green 


SMALL 
ROUND 
INDIVIDUAL 
PIECES OF MICA 
AND GLASS 


RETURN BEND (2) Small round ports instead of long 
PROVIDES GREATER glass strips 
FLEXIBILITY 


FOR EXPANSION (3) Hi-Lite” Iluminator for improved 


visibility 
(4) Simplified high-pressure construction 


PORT PARTS 
REPLACED WITHOUT 
Lisi lee il lemme? Vile) 3 

FROM BOILER 


ex 


Maximum thermal stability for 
(5) y 
rapid starting 


(6) Easy, inexpensive maintenance . . . 
in place 


yo 
Woe 


(7) Direct reading . . . basic reference 
gauge 


jet 
* 5 4 


“HI-LITE” STEAM SHOWS RED 


ILLUMINATOR 


a> 
~) a 
TSO 


ob, 


oe 
b,; 


tas 


The “Multi-Port” gauge has been de- 

veloped over a four-year period and 

has been in continuous successful high 

pressure operation for more than 18 

months in several leading central station 
plants. For additional informa- 
tion, write for new Bulletin 1174 
. . use the coupon below. 


me 
tartar 


\Zan 


4, 
wy 
-@~* 


YL WELDED CONSTRUCTION 
_ 
ASSURES 
PERMANENT TIGHTNESS 6962 


DIAMOND POWER SPECIALTY CORP. 
LANCASTER, OHIO 

Please send me without obligation a copy of new 

Bulletin No. 1174 explaining the advantages of DIAMOND POWER SPECIALTY CORP 
the Diamond “MULTI-PORT” Bi-Color Gauge. LANCASTER oleh ° 
NAME — 


Diamond Specialty Limited— Windsor Ontario 
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Bartlett-Snow 
coal handling 





at Weredosia 


@ The illustration above shows the first 100,000 KW 
unit of a plant which is to be extended into a 200,000 
KW station. All coal handling equipment including the 
receiving and reclaiming hoppers and grillage, duplex 
feeder, conveyors, galleries, breaker screen and all sup- 
porting structures were fabricated in our shops, and 
installed by us, to Sargent and Lundy’s specifications. 
For maximum efficiency and fixed unit responsibility, let 
the Bartlett-Snow coal handling engineers, with their 
long experience and complete facilities, work with you 
on your next job. 





OESIGNERS 


"Builders of Equipment for People You Know” 












Re ta i chs. OE 
Eg Be be 


» 
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General View of Meredosia Power Station 









Central Illinois Public Service Co 
Sargent and Lundy 





Consulting Engineers 




















Belt Conveyor in Tunnel 
Handling Coal from Track Hopper 





Drive for Collector Belt Under Breaker 
the Refuse Belt and Automatic Sampler 






When coal is carried to Narragansett, 


U.S. Rubber conveyor belts take over 


When coal arrives at the docks of the Narragansett Electric 
Company, conveyor belts get to work and haul the coal to 
crushers, then to storage, and finally to the boilers which 
motivate the generators. Eight different belts are used, all 
made by United States Rubber Company. They do their 
job so steadily, economically and dependably that officials 
of the electric company have ordered additional “U.S.” 


belting for further expansion. 


“U.S.” belting technicians are constantly coming up with 


new developments that pay off at a dollars-and-cents level 
This “U.S.” belt carries coal at a rate of 1000 . 


tons per hour at a speed of 615 feei per minut for you. Familiarize yourself with the advantages of “U.S.” 
abscess Three-Way Engineering. Get in touch with any of the 27 

“U.S.” District Sales Offices, each staffed with engineers. 
“U.S.” Research perfects it. Or write to address below 


“U.S.” Production builds it 


U.S. Industry depends on it 


UNITED STATES RUBBER COMPANY 
MECHANICAL GOODS DIVISION +» ROCKEFELLER CENTER, NEW YORK 20, N. Y. 


Hose + Belting « Expansion Joints « Rubber-to-metal Products + Oil Field Specialties + Plastic Pipe and Fittings + Grinding Wheels « Packings + Tapes 


Molded and Extruded Rubber and Plastic Products « Protective Linings and Coatings + Conductive Rubber « Adhesives + Roll Coverings *« Mats and Matting 
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why soot is no problem... 
with the 
Liungstrom 
Air 


Preheater 


Soot is no problem with the Ljungstrom. Clinging soot or slag is loosened by normal expan- 
sion and contraction of the preheater... and most of it is blown away by the high-velocity gas 
streams. What remains is removed by superheated steam or compressed air, fired from oscil- 
lating soot blowers, while the Ljungstroms are in operation. 

What's more, moderate deposits on the Ljungstrom heating surface have no effect on pre- 
heating. For, with the Ljungstrom, heat need not pass through a film-coated wall — but is 
simply absorbed by a heating surface and released from the same surface. 

Get all the details on why the Ljungstrom is easier to clean and maintain, ., maintains 
higher boiler efficiencies. They’re in the new, 38-page reference manual, “Ljungstrom Air 
Preheaters.”” Write for your free copy, today! 


Advantages of the Liungstrom Air Preheater 

© Size for size, recovers more heat than any 
other type. 
Reduces fuel consumption. Permits use of 
lower-grode fuels. Increases boiler output 
and reliability. 
Eliminates cold spots keeps corrosion to 
o minimum, 
Easier, faster to clean and maintain 
Requires far less supporting steel and is 


quickly erected. 


The Air Preheater Corporation 66 f0s: 42nd street, New York 17,N. ¥. 
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DE LAVAL for dependable boiler feed service 


TWO-STAGE 


HORIZONTAL in institutions... industrial plants 


PUMPS 


> 


Industrial plants, too, choose reliable De Laval 
pumps for boiler feed service. This De Laval 
unit, driven by a De Laval turbine, delivers 
160 gpm of 215° water at 520 ft. head. 


Institutions can't afford shutdowns. In this 
hospital installation a motor-driven 21S boiler 
feed pump provides year-in, year-out depend- 
ability. It delivers 70 gpm of 240° water 

at 420 ft. head. 


There are good reasons why De Laval 21S-2KS two-stage 
horizontal split case pumps give long, economical boiler 
feed service. They are designed with e back-to-back 
impellers for kalanced hydraulic thrust ¢ easily replaceable 
threaded impeller wearing rings @ long life labyrinth case 
rings @ ring oiled ball bearings — plus ten other 

important design features. 


These De Laval pumps are available in sizes from 2” 


~ 


to 8” discharge, for capacities from 75 to 3,000 gpm 
and heads to 750 ft. 


Write for Bulletin 1501 giving complete data. 


PNGNA Boiler Feed I -umps 


DE LAVAL STEAM TURBINE COMPANY 


886 Nottingham Way, Trenton 2, New Jersey 
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The answer is simple. There isn't any. 

That's because the burner ring, like two others in this 
central station, is made of CARBOFRAX™ silicon carbide 
retractory. After six months of operation, the surtac¢ 
of the CARBOFRAX segments is practically as smooth as 
the day they were installed. As a matter of fact, this 
utility is so conscious of the problem of slag accumula 
tion that they have lined the boiler wall between the 
burner rings with CARBOFRAX brick, too 

Silicon carbide won't soften, no matter how high the 
temperature inside the boiler goes. Slag can't fuse to 
its hard, dense surface can't build up and deflect 


the flame can't drop off in heavy chunks to harm 


the tubes below. And naturally, without accumulated 





This ring 
has been 
in service 
six months... 


oe CE 


slag to be barred off, there's no risk of damaging the 
refractory durirg routine maintenance. 

CARBOFRAX burner rings resist abrasion by coal, as 
well as heat shock and flame erosion — even an out-of 
line burner has little effect on them. Like to find out 
more about how these remarkable refractories can in 
crease your firing efficiency’? ... Write today for our 
free booklet, “Super Refractories.” Address Dept. E35, 
Refractories Division, The Carborundum Company 


Perth Amboy, N. J 


CARBORUNDUM 


Registered Trade Mark 
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WHEREVER HEAT, LIGHT OR POWER IS NEEDED 








OLD BEN COAL, 


Old Ben Coal is prized by “chiefs” of many Midwestern 

steam plants as a prime producer of low cost steam. 

And there are sound reasons for its high rating. The high quality, 
ideal steaming characteristics, and trouble-free storage 

ability of Franklin County coal are legendary with 

these men who know coal best! 

Consider, too, Old Ben’s substantial productive capacity 
...enormous reserve acreage...refineries of latest design... 
nearness to market! A consultation with an Old Ben engineer 
on your energy requirements might well be indicated. 


ACCESSIBLE TO RAIL-WATER TRANSPORTATION 


OLD BEN COAL CORPORATION 
CHICAGO 4, ILLINOIS 
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HEATER 
EFFICIENCY 
RESTORED 


Chemical cleaning by Dowell removed 
scale from four feed-water heaters in 
less than one day. 


An iron oxide and silic as ale h id greatly reduced the 
eflicieney of four feed-water heaters in a power plant. 
The operator asked Dowell to clean the heaters in 
the shortest possible time 


Dowell engineers made connections to permit circu 
lation of solvents through the complex tubing of all 
four units at one time The heaters were cleaned in 
i matter of hours. Terminal lemperature Differences, 
checked before and after eaning, were greatly 


re luced. 





TERMINAL DIFFERENCE 
Before Cleaning After Cleaning 


#1 Heater 16°F 9'A’F 
#2 Heater 22°F bs A 
#3 Heater 22°F 7 °F. 
#4 Heater 26°F 2°F. 








ise chemical solvent ire introduced through 

ilar connections, dismantling and downtime are 

ld to @ minimum. Moreove olvents will go wher 
team and water flow cle ining all curves, anyles 

| irregular surfaces down to the smallest tubing 
Mar pieces of equipmer ire cleaned while in 


tion 


Kee] oul plant operatin it its best. Call your near 
est Dowell office for full information on how chemical 
| ning can serve you Or writ Dowell Incorporated, 


lulsa |, Oklahoma Department | 2). 


chemical cleaning service for industry 


<a 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 








POWELL VALVES...THE COMPLETE QUALITY LINE...POWELL VALVES 


POWELL 
STEEL 
VALVES 


FIG. 3003 WE—Steel Gate 
Valve For 300 Pounds W.S.P. 
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FIG. 11323—1500-Pound 
Motor Operated Steel 
Pressure Seal 

Gate Valve 
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FIG. 11365—Steel Pressure 
Seal Horizontal Lift Check Vaive 
For 1500 Pounds W.S.P. 


FIG. 1314-A—1500-Pound 
Integral Bonnet Steel 
“Y” Valve 
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POWELL VALVES...THE COMPLETE QUALITY LINE...POWELL VALVES 


Wherever flow requires dependable control, there's the place Consult your Powell Valve distributor. If none is near you, 
for Powell Valves. Powell can supply just the valve you need, we'll be pleased to tell you about our complete line, and help 
for Powell probably makes more kinds of valves and has solved solve any flow control problem you may have. Write. . . 
more valve problems than any other organization in the world. 

Shown above are just a few Powell Steel Valves. Investigate The Wm. Powell Company, th 
their many outstanding features ... and the complete line of . , 109 year 
quality valves famous for dependable service. Cincinnati 22, Ohio 
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Now watch combustion conditions 
every minute of the day 


... with RCA 
Industrial TV 


With RCA's new water-cooled win- 
dow—you maintain continuous ob 
servation of flame conditions and ig 
nition at the control panel 24 hours 
a day. High-detail picture eliminates 
the need for periodic observation of 


furnaceand checking burneroperation 


Water-cooled window can be in 
stalled at top of furnace to observe 
tangential firing—in side of furnace 
to observe direct firing. High-capacity 
blower and pump unit can serve two 


windows 


Hans’s THE ANSWER to continuous, low-maintenance, 
fail-safe observation of furnace conditions... high-detail 
RCA Industrial TV (ITV-5A) and the new RCA water- 
cooled window. 

By using a high-efficiency circulating system, RCA 
has reduced lens temperatures at the camera below 
120° F —for stable, dependable camera operation 

The RCA Industrial TV water-cooled window is a 
reliable tool for use by your operators for continuous 
remote observation of combustion conditions. RCA 
now offers this new revolutionary equipment as a com- 
plete, engineered package to power plants—plus instal 
lation and maintenance service. 

FOR INFORMATION on RCA Industrial TV (Type 
ITV-5A), write Radic Corporation of America, Dept. 
()-187, Building 15-1, Camden, New Jersey. 





INDUSTRIAL PRODUCTS 


RADIO CORPORATION of AMERICA 
ENGINEERING PRODUCTS DIVISION CAMDEN, NW. J. 


a ® in Canada: RCA VICTOR Company Limited, Montreal 


COMBUSTION—March 1955 





WVEW/ copes 


offers a choice of 


eee | WITH | RECORDING INSTRUMENTS 














heoodl 


From the oldest comes the newest in three-influence feed water con- 
trol—Copes Type 3-L with Taylor instruments. A minimum of instru- 
ments are required due to simplicity. Miniature recorders are indicated 
above. Standard size recorders may also be used to supply as many as 
four records on one chart. Each component of the Type 3-L system 
is selected for its accuracy and high quality. Each installation is backed 
by nationwide service, whenever or wherever required, for its entire life. 


Copes three-influence control may also be actuated mechanically or electrically 
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TYPE 3=L SYSTEM 


3-influence controls 
. eo | WITHOUT | RECORDING INSTRUMENTS 











To further simplify a 3-L system, recorders may be omitted. The sche- 
matic shown above is the simplest instrument-type Copes three-influ- 
ence feed water control system that is available. Ask for Bulletin 103-A 
which describes the combinations available in Type 3-L feed regulation. 





COPES-VULCAN DIVISION 








ERIE 4, ORY 8 MACHINES 
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Let's face 1t,, 


.. there’s more to a bid than price. Some bids are full of 
gimmicks; some are true. When you receive bids /for 
your specialized piping requirements there's much to 
consider beyond the price. Your initial saving jin 
acepepting the low, low bid that's frequently full of 
hidden extras is quickly lost in added costs of 


expediting, in delayed construction schedules, jand 


> 


in|correcting faulty fabrication and welding. 


When you buy from a financially sound fabricator 
ba¢gked by world-wide reputation and sixty-one| years 
of| piping experience, you are guaranteed the $uc- 
cessful operation of every 

piece of pipe that is 

shipped to you. Avoid the BENJAMIN F. 


low, gimmick-type bid. 
Count on Shaw for careful, ad A ~ 
ac¢urate bidding - depend- 


able fabrication and in- COMPANY 
stallation. Buy from Shaw. a ee ae 
It|pays - all ways. 
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How to Interest Youth in Mathematics 


In the June 1954 issue of COMBUSTION we ran as our 
lead editorial the very tithe 
That earlier editorial evoked considerable 


Sarme as we have chosen for 


this month 
and because of this interest we are pleased to 
ich recently called to our atten 


to interest youth in mathe 


interest 
comment on a new appro 


tion on the problem of how 


matics 


his approach now under 


field trial in a dozen classes 
niversity High School, Ill., 


nd Pekin, IIll., high schools and 


in five schools—l Urbana, 
sarrington, Blue Island 
Dearborn, Mich., high school 
[lino 


and the Liberal 
It grew from a committee formed in 


1 joint development of 


three University of units, the Colleges of Edu 


cation, Engineering, (Arts and Sciences 
math department 
1951 to help high school eet increasing math require 
ments of engineering colleg Briefly, it has been de 
more high school students in math, t« 
of the 


broad 


signed to interest 
portant ideas of math and to 
rather 


teach them more 


give them a understanding of principles 


than just manipulative Che emphasis is on un 


tanding why and not or orizing how 
lo achieve this laudable aim 
with tradition Words, for example, are thought 


learn that addition or multi 


det 
i distinct departure 1s 
nade 
Student 
ible 


entional 


up for numbers 
with these new terms as with 
they 
portant, not what we call it 


plication is just as po 
those 
learn that the 
Few high 
this before the 


more From this departure 


Cony 
concept 1 
told, ever understood 


school tude { we ire 


1? 


idea usual] iS prese nted in college, and 


peculiarly, also first grad 
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rhis is the sort of why the new program presents. It 
emphasizes understanding rather than the isolated facts 
of traditional courses. It shows the relation of algebra, 
geometry and the like and this permits teaching more 
math in the same amount of class time 

For the two out of three students who never go beyond 
one year of high school math, the program presents a 
lot of useful information, far more useful than the tra 
ditional first-year algebra course, and at the same time 
is a better foundation for those studying more than one 
year which, after all, is the programs objective 

It acquaints a student with math, algebra, geometry, 
and trigonometry, making it possible for him to choose 
more intelligently whether he into a life 
work, such as engineering, in which math is important 

He learns, too, that math is not a dead subject about 
rhe program is said to be 


wishes to go 


which everything is known 
stimulating to the talented student, at the 
highly valuable to the less talented because of its empha 


Same time 
sis on understanding 
rhe new teaching program was started two years ago 
In 1956 when the third year is completed, students will 
be tested had 
conventional high school mathematics 
Integrating the teaching of high school math to do 


against others who have four years of 


away with the artificial subject barriers has been talked 
about for years lo our knowledge this is the first time 
a real attempt has been made to do something quite 
different routine We fervently 
hope the comparison tests of 1956 will confirm the con 


Certainly the re 


frorm the traditional 


victions of the program's founders 


sults will be viewed with great interest by educators and 


industry alike and merits early study if successful 





Fig. |—~Aerial view of the new Eastlake Plant of Cleveland the steel work for the new No. 4 boiler-turbine unit on the 
Electric Illuminating Co. pictures the outdoor coal storage south-east of the station, the circulating water discharge 
pile and some of the coal handling equipment, upper left, tunnels in the center and the substation, left, foreground 


Eastlake Plant Features A High 


Generating Capability In A Most 
Conservative Unit Building Volume 


By SEYMOUR B. ROCK, MECHANICAL ENGINEER, and NEAL F. GILL, MANAGER 


Mechanical Engineering Dept., Cleveland Electric Illuminating Co. 


A careful attention through all stages of higher based on long range system growth requirements 
design to minimum space expenditures than the costs which would be incurred by an all-new 
has resulted in a value of 17.5 cu ft of 
building volume per kw of capability for 
boiler house, turbine room and electric 
bey. Further, final overall cost will not was a 162 acre site, located near the m muuth of the Chagrin 

7 River, 22 miles east of downtown Cleveland rhe site 
exceed $122 per kw of capacity. Annual was selected because of its proximity to the 142,000-volt 
net heat rate, 1954, was 9386 Btu per kwhr. tension lines which connects the three other electric 
plants in the system. The plant location is also near the 
center of a rapidly growing load area on the system, and 
therefore would further tend to reduce transmission 


plant 
Several possible plant locations along the lake shore 
east of Cleveland wers inspect d Ihe area finally chosen 


N ORDER to meet the rapidly growing demand for 
electrical energy in the Cleveland-Northeast Ohio 
area, The Cleveland Electric Hluminating Company 
in 1951 planned the construction of its first entirely new 


losses 


Circulating Water System 
plant in over twenty years. The ultimate planned capac CULLING ¢ 
ity of this plant was to be one million kilowatts With the plant location established it was necessary 


In deciding whether a new plant should be built, rather to consider the arrangement of plant and plant facilities 
than expand existing facilities, a long range study of load on the site selected Jecause of the location on an ex 
growth in the system area was made Che cost of adding posed strip of shore line, it was necessary to construct 


large blocks of capacity at existing plants proved to be sheltered circulating water intake and discharge chan 
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Fig. 2—Simplified drawing of steam boiler and turbine gen- 
erator arrangement illustrates the location of major plant 


nels At that time the decision lay between tube or open 
1 


channel construction. The latter was chosen because the 


water needs for the statior planned ultimate capacity 
would require too hea 


The use 


tunnels except 


ipital outlay for the quantity 
of tubes involved 1! channels eliminated the 


need for any those for the coal conveyor 
system 

Che intake 
breakwalls extending 1200 
lake (See 


tected on one 


channel consists of two cellular parallel 


feet directly north into the 


Cover photo Che discharge channel is pro 


side by a cellular wall extending 400 feet in 


a northeasterly directio1 Che other side is a straight 
which serves the 

Both channels were dredged to a depth 
water le vel 
mixture was used to fill the cell 


installed. This 


a water supply free of turbule: 


sheet pile wall additional function of 


shore protection 


of 15 feet below mean low \ gravel and sand 


and a concrete cap was 


rangement of marine work provides for 
ice and also protects the 
from erosion 


shore line 


In orienting the plant on the site 41 basic arrangements 
of the 


tion of the 


major equipment were studied After considera 
these arrangements, it 
that the main axis of the 
lake front. The 
then be located on the shore side of the plant and su 
from the lake Phis 


reduced construction 


economies of each of 
plant should be 
first 


Wa decided 


perpendicular to the unit would 


ceeding units would be built away 


system would take id ntage ol 


costs as the contruction moved away from the lake front 
The intake and discharge circulating water channels were 
be extended at minimum cost 
d to the plant This intake and 


ol handling 1 000,000 


continued inshore and car 


as future units are adde 

discharge system is now capabl 

gpm 
ince 


all of the 


had been 


Compat previous postwar construc 


tion rdditior existing plants, the building 
i large extent, dictated 
tlake, 
conformation best suited 
Accordingly all de 


sermoutdoor and fully 


arrangement of those units was, to 
by the 
po sible to choose the buildi 


existing buildin At | however, it wa 


to modern power plant ctice 


outdoor enclosed wert 


Ssigmis 


COMBUSTION—March 1955 


TURBINE ROX TRANSFORMER 
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ait 


equipment at or near ground level which helped produce a 
small building volume of 17.5 cu ft per kw of capability 


SO) alle d 
results at 


studied It was found that the ranch-type 
construction would yield the 
our fully 
attractive All 


equipment were located at or near ground level 


best lowest cost 


and, for locale, enclosed construction seemed 


most major preces ol steam generator 


) 


lig 


rhese items include the air preheaters, electrostatic pre 
cipitators, forced and induced draft fans, pulverizers and 
stacks 


mited a substantial reduction in the 


Locating heavy auxiliaries at ground level pet 
structural steel in 
the building framework and installation and maintenance 


of the equipment, as well as minimizing vibration prob 


lems caused by rotating machinery 


Building Features 


One of the principal factors contributing to the low 
Eastlake Plant unusually low 
building volume for a generating station of this capacity 
Phroughout all phases 
paid to keeping the building volume 


over-all cost of the is the 


of design careful attention was 
as low is possible it 


consistency with safety and accessibility in operation 


\s a result, a value of 17.5 cu ft per 
house, 


and maintenance 
achieved for boiler 


bay If all 
suitable for an 


kilowatt of capability was 


turbine room, and electri structures are 


some of which are ultimate 
1,000,000 kw, this figure 3 cu ft 
All equipment with the exception of the upper 


included, 
capacity ol becomes 20 
per kw 
portion of the ash precipitators, the main oil breakers, 
and the step-up and main house transformers are en 
closed. All permanent walls consist of salt glazed til 
on the interior and brick on the exterior. The decision 
to fully enclose the plant was made because of the sever 
weather and the desire to keep plant 


ity of the winter 


noises reaching the surrounding residential area to a 
minimum 
Ventilation 
building through a series of louvres located on two of the 
Phe 


passes over heating coils which are capable of heating up 
> de 


and combustion air is supplied to the 


outside walls near the ground level incoming air 


to 750,000 cim of outside air from O degrees F to 
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grees f. This air then rises through the building absorb 
ing heat lost by radiation from the boiler and auxiliary 
equipment The draft duct inlet, located 
near the top of the building, receives combustion air at a 
110 degrees F. As circum 


forced lan 
temperature greater than 
stances require unheated outside air entering through 
other louvres not covered by heating coils may be blended 
with heated air. This system of air supply assures an 
adequate quantity of combustion and ventilating air at 
proper temperatures over the wide range of exterior air 
temperatures experienced in this area 


Coal Handling System 


Coal cars entering the plant are unloaded by means of 
a rotary car dumper. From the receiving hopper, the 
coal goes by conveyor belt to a crusher wich reduces it to 
a maximum size to | The coal then continues by 
belt to the Boiler House where it is distributed to the coal 


dumpers by means of a belt tripper 


, inch 


rhe sections of the conveyor above ground level are 


supported by two continuous rolled beams and are 
enclosed by semi-circular sections of corrugated alumi 
num. This type of conveyor gallery construction, new 
to our system, has resulted in substantially reduced fabri 
cation, erection, and maintenance costs and has worked 
out very satisfactorily 

rhe coal handling system is designed to deliver 1200 
tons per hour to the coal bunkers while simultaneously 
delivering 1200 tons per hour to the coal storage yard, 
Coal for is diverted to the yard before 
crushing and is delivered to the pile through a can 


Mobile equipment 1s used to 


Fig. | storage 
tilevered telescopic chut« 
distribute and 
Phe coal is also recovered by this mobile equipment which 


compact the coal on the storage pile 


delivers it to a reclaiming pit. From this pit it is carried 
by conveyor belt to the main belt leading to the crusher 
Studies have indicated that a cost reduction of approxi 
mately 
in this manner in leu of a gantry crane system 


5O per cent is obtained by handling storage coal 


Provision is made for thawing frozen coal cars before 


they reach the rotary car dumper Phis is accomplished 


by a series of 40 cast-iron tube radiant oil burners in 


stalled on the railroad ties 
throwing oil burners installed parallel to and adjacent to 
It is ex 


Cwelve luminous flame 
the railroad track also assist in this operation 
pected that this installation will be capable of main 
taining, on winter days, the flow of coal required for 


full load operation on winter days 


Sleam Generation 


Each of the three controlled circulation steam genera 
tor units, Fig. 3, in the plant is capable of furnishing 
steam up to 875,000 Ibs per hr of steam at 1,050 degrees F 
and SOO psig with reheat to 1,000 degrees F. Each of 
these divided wall units consumes approximately 53 tons 
of coal per hour which has been pulverized in three Ray 
mond bowl-type mills. A fourth mill was installed in o1 
der to be able to do mill and fan maintenance without re 
ducing capacity on the unit 

Each 300 foot steel stack is supported by a series of 
Con 
siderable research in a wind tunnel plus a number of tests 
at other plants have that 


stack should avoid air pollution problems under all nor 


concrete carssons, sunk 56 feet into the ground 


indicated this height of a 


mal wind conditions 
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Turbine Generator 


Che turbines are tandem-compound triple-flow and 
have a capability of 140,000 kilowatts and operate at 
this load whenever system load conditions permit. 
There are three high pressure, one deaerating, and two 
The 


two low pressure heaters are located in the neck of the 


low pressure extraction stages on each turbine. 


condenser to conserve space and to shorten the runs of 
the extraction piping. Each of the contact deaerating 
heaters is equipped with an internal direct contact vent 
condenser 

Each of the 60,000 sq ft main condensers is equipped 
with 10,100 red brass tubes and is designed to operate 
at | in. Hg absolute pressure. Air removal is accom 
plished by rotative dry vacuum pumps with steam jet 
air ejectors available, if necessary 

The generator of each unit has a maximum capability 
of 156,250 kva at full 30 lb hydrogen pressure and has a 
rated terminal voltage of 18,000 v. The design short 
circuit ratio is 0.90. The hydrogen cooler receives cool 
ing water at a maximum temperature of 95 degrees F. 
ro provide for this temperature during periods of higher 
condenser pressure, a condensate cooler has been added 
to the cycle which utilizes lake water to cool the conden 
sate going from the condenser hotwell to the hydrogen 
cooler. Generator voltage is regulated automatically 
by means of a motor-driven amplidyne generator. 

Phe main 132 kv transformers are located on an out 
door platform immediately adjacent to the generators, 
Fig. 2 hese transformers are single rating forced oil 
rransmission facilities in 
located across the circulating water 


type with water cooling 
clude a structure 
channels and four 795,000 circular mill ACSR circuits 
Service to station auxiliaries is at 2300 volts 


A single separate electric control room is located on the 





If a 

| 

| -_—< ? 
Se | 





Fig. 3—Cross sectional view of one of the three controlled 
circulation boilers. Each serves a 100,000/125,000 kw tur- 
bine generator operating at 1800 psi, throttle pressure, and 
a primary stearnm temperature of 1050 F, reheat to 1000 F 
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main Operating floor level 
There 


the turbine room, along th 


d is expected to serve the 
entire plant are glass windows looking out into 
transformers and main oil 
circuit breakers, and across the circulating water channels 
to the 132 kv switchyard, Fig. | 


ditioned and completely equipped so that the operators 


[he room is air-con 


need not leave it 

a segmented circular 
All main 
in this room and face the 


Control boards are arranged in 


fashion about the operator's desk electric 


control and relay boards ar 


operator. One group of boards is used to control the gen 
erators while another group is used to control the trans 
rhe circuits supplying the 2300 
volt boards are controlled from the generator bench 
boards 


Each 


units and is located centrally 


mission substation 


Here again the unit system idea is followed. 
control boiler-turbine 
between them. Windows 
are provided for direct observation of the major units 
! the 


il 
highest degree of automatic control of equipment con 


steam room serves two 


In designing t controls provision was made for 


sistent with safe operating principles. This philosophy 
permits a substantially smaller operating force than was 
heretofore while 


possible still providing for periodic 


visual inspection of key points in the plant. It also per 
mits immediate personal attention to any trouble spot 
which may develop. The decision to separate steam and 
electric controls was based on the lower man power re 
quirements for our particular conditions 

Each boiler-turbine unit is controlled by one operator 
from a benchboard equipped with miniature instruments 


Indicating and recording instruments are mounted on the 


control room walls. Key measurements are indicated 
or recorded in two places to afford protection against 
instrument failure Pressure and flow measurements are 
transmitted to the control room pneumatically, per 
mitting the elimination of all high pressure tubing in and 
round the control room. In addition to the control 
room operator, there is on ing operator assigned to 
each boiler-turbine unit \ third man ts assigned to re 
move ashes and mill rejects from all the units rhis 
post is not duplicated 

In designing Eastlake Plant, minimum energy costs 
have been obtained by the selection of efficient generating 
equipment and by careful engineering of structures and 
equipment. Final overall cost of the plant will not 
exceed $122 per kilowatt capability 140,000 kw 
each Chis cost includes rail, coal storage, service, and 
offshore marine faciliti designed for the ultimate 
sized plant \n annual net plant heat rate of 9386 Btu 
per kwhr has been expert | during the year of 1954 
Eastlake Plant generated 40.4 per cent of the total net 

tem generation 

The present force consists of » men for the three 
unit plant, or 0.275 men per of capability 

bd 100 
| | 
lm USE FACTOR 92.0 % 





CAPACITY FACTOR 85.17% 


Fig. 4—Excellent station performance record is reflected in 

the above bar charts which portray availability figures, use 

and capacity figures for the controlled circulation steam 
generators at Eastlake 


COMBUSTION—March 1955 


broken for Eastlake Plant 
) 


rhe first unit went into service 32 


January 


Ground 
1Q51 
The 


went on the line early in September 1954 


was in 
months later 
Unit No. 3 


second unit followed in three months 


Operating Experience 
As the above record indicates plant experience to date 
has been excellent. The high availabilities of the major 
turbines and auxiliaries, steam generators, 
to 


Ihe series of bar charts, Fig. 4, 


equipment 
coal handling equipment—have contributed strongly 
this experience record 
depict the details of this availability record for the con 
trolled circulation boilers. Overall boiler availability for 
Units | and 2 based on 12 months and 8 months expert 
the line 


Che use factor, or ratio of in 


ence, respectively plus Unit 3 on 128 days 1s 
pictured in the top bar 
service hours to total hours, is portrayed in the second 
bar. The capability factor record, third bar, is the ratio 


of average hourly output—new kw—to rated capacity of 
steam generators and explains to a large measure the high 
percentage of system generating needs delivered by East 
lake and the likelihood of more in 1955 

Che station design, engineering and general contracting 
were carried out by Cleveland Electric Illuminating Co 
personnel. In addition all scheduling, purchasing and 
supervision was furnished by the utility's own organiza 


tion throughout the Eastlake Plant’s construction 
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With a single exception, all of Philadelphia Electric Com- 
pany’s recent installations of interior coal handling equip- 
ment from the bunker to the boiler, in both new installa- 
tions and replacements, are of stainless-clad steel 

In the summer of 1953, two new boilers were added at 
the Delaware Station. Because of the ability of stainless- 
clad steel to withstand the abrasive and corrosive action 
of coal at the key points of bunker noses, hoppers, chutes 
and feeder pipes, as demonstrated in the Southwark and 


Chester Stations, these two boilers were fitted with stain- 


less-clad hoppers and pipes. Now, in the second year of 


operation, station engineers report that no hangups or 
troubles of any sort have been experienced 


Stainless-clad steel—a layer of stainless steel integrally 








LUBENS 





Eight stainless-clad steel hopper 
and feeder pipes at the Delaware Station were 


pecified to assure long, maintenance-free ser 





bonded over the entire surface of a strong, low cost carbon 
steel backing plate—has low initial cost, means minimum 
operating and maintenance charges Its smooth surface 
reduces hangups, and with hard use develops a highly 
polished finish. Every installation of clad ‘steel coal 
handling equipment examined to date shows no measur- 
able loss of gage even after as much as 9 and 12 years of 
service 

If you would like detailed information, write for Bulle 
tin 740. In addition, our Technical Service Department is 
available to work with your equipment builders and 
engineers in putting stainless-clad steel to work for you 
If you would like the names of qualified equipment 
builders, write to the Manager, Marketing Service, 684 
Lukens Building, Lukens Steel Company, Coatesville, 


Pennsylvania 





Grantee 


LUKENS STEEL COMPANY, COATESVILLE, PENNSYLVANIA 


PROD ER OF THE WIDEST RANGE OF TYPES AND SIZES OF CLAD STEELS AVAILABLE ANY WHERE 
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Problems in Deaeration of 
Boiler Feedwater 


By H. A. GRABOWSKI, H. D. ONGMAN, W. B. WILLSEY and W. NELSON 


Research Department, Combustion Engineering, Inc. 


This article presents data concerning 
oxygen content in feedwater supplied to 
high-pressure boilers and indicates some 
of the sources and operating conditions 
which lead to the oxygen contamination 
Experience has shown that 
the principal increase in oxygen content 


of feedwater. 


occurs during off-peak hours when tests 
are not conducted by plant personnel. 
Accordingly, test data representing the 
entire day's operation have been accumu- 
lated in order to evaluate the role of oxy- 
gen in the steam plant corrosion cycle 


ANUFACTURERS of 


have had to improve the 


deaerating equipment 
air removal capacity of 


their apparatus in order to meet the stringent 


specifications set for higher pressure operation. For 
| merly, the oxygen content in the water from a deaerat 
ing heater was specified as not to exceed 0.05 ppm 
loday, the guarantee specifications require that the 


content reduced to below 0.01 or 0.005 


ppm in the feedwater supplied to the boiler. 


oxygen must be 
tablish (1) the maximum 
that can be the 
the contribution of oxygen to the cor 


\ll of the data necessary to « 


concertration of oxygen tolerated in 


feedwater and 


rosion of steel in contact with steam and water are not 


available at this time In the absence of complete 


data, a practical approach, that of reducing the oxygen 


to an absolute minimum, | 


as been adopted by the de 
signers of steam power plant equipment. 

In spite of improvements in deaerating equioment and 
the development of precise control techniques, corrosion 
due to oxygen has occurred it 
It has been 


chanical deaeration with a chemical de-oxygenation by 


i number of high-pressur¢ 


boilers necessary to supplement the m« 


the addition of reducing agents, such as sodium sulfite 


and hydrazine, to the feedwater 
The Oxygen Problem 
[The most serious cases of corrosion have been ob 
served in stations where there is marked reduction in 
steam requirement during offpeak or night operation 
lrouble has appeared in tation where a high pressure 
: 
| tem was tied in with an existing old, low pressure 
> 


group of boilers 


Determination of oxyget feedwater, in a majority 


of boiler systems, is made once a day In a number of 
plants, the oxygen content 1 nalyzed once a week The 
r ref 








COMBUSTION—Marc! 


analysis of oxygen is generally completed during the day 
shift when the steam load is constant and the operating 
While this value 
as a guide in operation, it also creates a false impression 


conditions are at an optumum serves 
that the oxygen removal is complete during the steaming 
period of the day or the week 
\ great emphasis is placed on obtaining the most a 
here 
However, to 


curate analytical procedure for oxygen is merit 


in utilizing the most precise techniques 
what avail is this concentration of effort if the analyses 
are not comple ted so as to re present operation during the 
24-hour period? During a preliminary survey of various 
utility stations and industrial plants, of the oxygen con 
tent in the feedwater, the consensus was that the oxygen 
content was always low Values corresponding to the 
guarantee specifications were frequently cited as being 
typical of the entire daily operation 

rhe preliminary survey indicated that a spot check for 
the 


obtain a 


suitable in the evaluation of 
a plant To 


continuous determination and recording of oxygen in the 


oxygen would not be 


deaerating efficiency found in 
Cambridge analyzer and recorder was 
throughout the The the 


instrument was checked frequently by the most precise 


feedwater, a 


utilized study accuracy ol 


techniques. It was found that oxygen in the range ol 
0.003 to 0.01 ppm could be determined with precision 
Che reproducibility of the analyzer was more dependable 
than the time consuming chemical analysis rhe prines 
pal advantage in the use of this instrument is the ability 
to distinguish a relative decrease 


increase OF in oxygen 


during the day's operation hus, although it is of value 
to procure an accurate determination, it 1s equally im 
portant to obtain an indication of change in the oxygen 
content as the factor in plant operation are varied. 

rhe operating systems investigated utilized various 
illustration 


methods of deaeration The cases used for 


had the following characteristics 


\ Deaerating condenser (No external deaerator 


|. Makeup water was evaporated and added to 
the vapor side of the low-pressure heater 
taken 


boiler feed 


Condensate additions from a 
tank 


pump inlet header 


were 
surg¢ which floated on the 
», Evaporated makeup as in 1. Condensate ad 
ditions were sprayed into the condense 


B ey erating heater 


Makeup water was evaporated and added to 


the deaerator Condensate addition was 
directed to the 


denser and the de 


feed line between the con 


erator 
Condensate ad 


i. a 


vaporated makeup as in | 


dition was sprayed into the condenser 
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Fig. |—Oxygen increase due to air leakage in low-pressure 


heaters 


3. Makeup water was demineralized and added 
to the 


asin 2 


condenser. Condensate was added 


here is a general disagreement on the relative merits 
of deaeration with specially designed deaerating conden 
sers and an external deaerating heater. Data was ob 
tained to illustrate oxygen removal capacity with both 
Che operating pressure of the 


5 to 100 psig 


methods of deaeration 
deaerating heaters studied varied from 
At several stations, the operating pressure of the heater 
was controlled by the turbine bleed stage pressure. In 
those instances, at reduced steam loads, the operating 
pressure ol the heater was reduced below atmospheric 
pressure 

One of the various investigations was to 
determine the the under 
conditions which were considered to be typical for the 

When 
illustrate 
i controlled change 


the 
content im 


aims of 
oxygen feedwater 
an operating condition was 
the 


part ular station 


varied, it was to benefit or the adverse 


effect of 


Survey of Plant Operation 


During the last fourteen years, a number of papers have 
been published of tube failures, the cause of which could 
not readily be explained to the satisfaction of the opera 
tor, consulting engineer, and boiler manufacturer Al 
though the ittack was attributed to a 


action, the reason for the attack was not clearly evident 


metal corrosive 
Measurement of metal temperatures and fluid velocities 
in the region of failure indicated satisfactory values An 
imspection of daily chemical analyses and operating logs 
did not lend of the failure Asa 
final re urvey of operating conditions was com 


i clue as to the cause 
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Fig. 3—Oxygen increase at low loads-deaerating condenser 
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Fig. 2—Oxygen increase at low load operation 


pleted in an effort to determine whether contaminants 
may be introduced into a system at intervals that were 
not completely covered in the plant records 


A. Operation at low loads. 


Several factors were found to contribute to the 
oxygen contamination of condensate and boiler 
feedwater. Among those investigated were 
Reduction of pressure to below atmospheric in 

feedwater and deaerating heaters 

2. The addition of condensate from surge tanks or 

clear wells into the feedwater system 
\ir-removal efficiency of deaerating equipment 
at reduced load operation 


The illustrated in 


the following case histories 


results of these investigations are 


CASE A 

rhe oxygen content in a feedwater system supplying 
water to a 1300-psi boiler was investigated to determine 
the oxygen contamination at low load operation. Water 
supplied to the boiler was deaerated in the condenser 
Makeup water was evaporated and directed to the vapor 
side of a low pressure heater. Condensate requirements 
were supplied by a surge tank which floated on the inlet 
header to the boiler feed pump. Under normal condi 
the 


pressure 


low pressure heater operated ata 
\s the steam load was reduced during the 


tions, positive 
night operation, and the evaporator vapor was redirected 
to the the low 
pressure heater dropped to a value below 
rhe heater drips are pumped directly to the 
thead of the boiler feed pump. Fig. |! 


exhaust steam header, th pressure ol 


itmospheri 
pressure 


condensate line 
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Fig. 4—Effect of drop of pressure in deaerator to vacuum 
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Fig. 5—Oxygen increase during low load operation 


content of the 
laden 
heater 


illustrates the increase in the oxygen 


boiler feedwater due to the addition of oxygen 


heater drips to the condensate When the 
operated at above the atmospheric pressure, the venting 


line. 
of the heater was adequate, and the in-leakage of oxygen 


did not occur rhe increase in oxygen content occurred 


during each night load \meloration of this condition 
was brought about by adjusting bleed steam to the heater 
at all times rhis 


a number of stations 


sO aS to maintain a positive pressure 


operating condition was found in 
where boilers were operated at a reduced load and all the 


deaeration was completed in the condenser 


CASE B 


In many plants where all deaeration is completed in the 
tank floats on the su 
In this position, sorne 


condenser, the condensate surge 
tion side of the boiler feed pump 
operators feel that an extra measure of freedom of loss of 
to the 
sate pump failure Phe 
and 210 F 
feed water 
tanks, oxygen enters the 
rhe effect of the 


feed 


water boiler is assured in case there is a conden 


water temperature often varies 


between 150 Obviously, when water 1s 


introduced into the system from these surge 


tem in notable quantities 


addition of surge tank water into the 
water system of a 900-psi boiler is shown in Fig. 2 


\fter a review of the results of a preliminary survey, 
to maintain a con 
altered \ transter 


maintain the 


the method of supplying condensate 
hot 
17] 


used to add ci 


stant condenser well level was 


pump was ndensate to 
proper hot well level. As a result, a minimum of wate 
was directed from the surge tanh 
ro illustrate the effect of the 


tank on the oxygen content of the feedwater, the transfer 


to the condensate line 


movement of the surge 
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Fig. 7—Oxygen variation during boiler banking 
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Fig. 8—Oxygen 











05 pamde mabe pee | | | 
04) | in | RSS 
z 03} |, AT DEAERATOR} 
* o2| T ore 


S01 | 1 coal 


oOo 











AM \2 


Fig. 6—Oxygen in boiler feedwater during start-up 


pump was stopped to simulate operation prior to the 
rhe large increase in oxygen content is ap 
parent Phe 
drop to vacuum during the reduced night load operation 


change 
low-pressure heater was also allowed to 


Ihe increase in the oxygen content of the feedwater above 
that found in the condensate is clearly illustrated. Fig. 2 
also shows the reduction in the oxygen content as an air 
leak was detected and corrected. 

Prior to the oxygen investigation, about 15 Ibs of sul 
\fter 
tions were comple ted, the sulfite feed was reduced to less 
than \ and B, the 
pal introduction of oxygen into the feedwater occurred 


With the 


recorders, it was possible to obtain a record of operation 


fite was added daily to the feedwater the correc 


2 Ib per day In both cases princi 


during the offpeak hours use of the oxygen 


when water analyses were not conducted 


CASE C 


here is generally an increase in the oxygen content of 


the water from a deaerating condenser or deaerating 
heater when the steam load drops to less than 40 per cent 
of rated capacity The increase in oxygen content in the 
feedwater from a deaerating condenser is shown in Fig. 3 
At full load the generator operates at 60 megawatts \s 
third of rated 


capacity, the oxygen content increased from about 0.01 


the steam load decreased to less than one 


ppm to 0.04 ppm 


CASE D 
A substantial increase in oxygen has been observed in 
stations where the deaerating heater is regulated by the 


ble ed 


noted after a period of operation at low load. Case D 


pressure ol steam. The increase is particularly 
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increase due to undeaerated condensate 
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fluctuating steam loads 


shown in Fig 


1, illustrates the results obtained in a high 
capacity 1S00-psig plant when the load requirement was 
reduced to 25 per cent of rated capacity. As shown, the 
pressure of the deaerator dropped to several inches of 
vacuum at the low load \n increase in the oxygen con 
tent of the boiler feedwater was observed at the low load, 
the 


the 


major increase occurring during the interval when 
steam load was increased rapidly 


CASE E 


rhere is a small increase in oxygen in the feedwater of 
systems where a positive pressure above atmospheric is 
maintained and the load is reduced substantially. Fig. 5 
illustrates the increase in oxygen of the boiler feedwater 
to a 1500-psig boiler when the steam load is reduced to 
10 per cent of rated capacity rhe 
from 0.005 to 0.015 ppm, is of a small magnitude. 

In the majority of the 


oxygen increase, 
feedwater systems tested dur 
ing low-load operation, the principal increase in oxygen 
was not due to a poorly operating deaerating heater or 
condenser The major contamination of feedwater was 
the addition of laden 
downstream of the deaerating source 


due to oxygen water at points 
Operation at 25 
to 40 per cent of rated capacity resulted in small increase 
in oxygen in the water from the deaerating source. In 
general, systems utilizing a deaerating heater contained 
a smaller amount of oxygen in the boiler feedwater more 
consistently than 
On the the oxygen content in the 


water between the condenser and the deaerating heater 


those employing a deaerating con 


denser other hand, 
is generally higher than the amount found in the water 
where a Under 
conditions, a deaerating heater is more 


deaerating condenser is used these 


a system with 
susceptible to corrosive action in the condensate portion 
of the cycle. (/éditor’s Note: There is a 5-point summa 


tion of design and operating factors at the end of the article.) 
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Fig. 9—Introduction of oxygen into the feedwater during 
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Fig. 11—Effect of insufficient venting before cutting in 


evaporator 





Boiler Startup and Banked Operation 


One of the most neglected periods of operation is the 
In most instances, the 
boilers are placed into service during a period of time 


startup or shutdown of a boiler 


when there is a minimum of supervision to the control 
of water conditions. In general, water residuals are not 
established within proper limits. Similarly, very little 
attention is given to the removal of oxygen from the 
feedwater during this period. This apparent apathy to 
a serious problem can lead to a corrosion problem in a 


boiler which is removed frequently from service 
CASE F 


Fig. 6 illustrates a record of oxygen in the feedwater 
supplied to the boiler during the start-up operation. It 
is apparent that the oxygen in the feedwater was greater 
than 0.5 ppm for nearly four hours after the first flow of 
steam was started rhe oxygen content was reduced 
to a low residual an hour after full load was attained on 
the boiler 

Kittredge, (4 
Power Conference in 1950, estimated the quantity of 
In the 


example cited in his paper, it was estimated that about 


in his presertation at the American 
oxygen introduced into a boiler during a startup 


In view of 
such operation one might ask to what avail 1s the effort 


3 Ibs of oxygen were fed with the feedwater 


to reduce the oxygen content below 0.01 ppm in opera 
tion, if we tolerate such large quantities during abnormal 
operation ¢ 


CASE (y 

Fig. 7 portrays the introduction of oxygen in a higher 
pressure boiler during a banking operation. In the 
latter station the feedwater supply is taken from a com- 


mon header. A surge tank floats on this header. When 


one boiler is banked and water addition to this unit is re 
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Fig. 12—Effect of misdirection of evaporator vapor. Oxygen 
added to heater drips by evaporator vapor 


quired, the make up 1s taken Irom a surge tank contain 


ing a heated condensats Che increase of oxygen in the 
water supplied to all the boilers is due to the introduc 
tion ol an oxygen containing water source These condi 
tions are rarely recognized because, in many instances, 
the plant personnel find themselves occupied with other 


assignments 


Viscellaneous Operating Problems 


CASE H 

n operation in a high-pressure 
At this sta 
tion, steam from the high pressure boilers is used to 
rhe exhaust from the 


Fig. 8 illustrates a laps 


system employing a deaerating condenser 


operate a frequency control unit 
latter turbine is directed to an existing low-pressure sys 
tem which is generally banked at night. The water t 
the low-pressure boilers and the makeup to the high 
pressure system 1s taken Irom a deaerator in the low 
pressure system. When the low-pressure boilers are 
placed into service, the deaerator load is excessive and a 
larger quantity of oxygen laden water is transferred to 
the high-pressure system downstream of the deaerating 
condenser rhe large increase in oxygen shown in Fig 
S occurred daily and was not detected until the survey 


was started 


CASE I 


At another station, where a deaerating condenser 1s 
used, an excellent product was obtained at the outlet of 
the condenser at high or low loads. Condensate makeup 
to the system is taken from a surge tank which floats on 
the inlet of the boiler feed pump. Fig. 9 illustrates the 
contamination of the condensate due to the addition of 
surge condensate and heater drips downstream of the 
condenser. There is a ippreciable increase in the 
oxygen content of the feedwater supplied to the boiler 
it low load operatior It ipparent that the effort to 
achieve maximum deaeration in the condenser is nulls 


fied by the addition of water containing oxygen at the 


boiler feed pump 
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Fig. 13—Oxygen increase in heater drips due to air leakage 
into turbines 


CASE J 

\ deaerating heater can be overloaded by the addition 
of a large quantity of condensate at a point between the 
condenser and the heater Fig. 10 shows the increase tu 
oxygen content at the outlet of the deaerator at the time 
a large quantity of condensate is added to the unit 


CASE K 

The addition of a poorly vented evaporator vapor to 
the deaerating heater can result in a notable increase in 
oxygen in the water from the unit Fig. 11 illustrates 
the oxygen increase in the feedwater to a 1400-psig boiler 
when a poorly vented evaporator vapor is directed to the 
deaerator after an evaporator cracking period rhe 
oxygen content rose to nearly 0.1 ppm and was high for 


over an hour 


CASE L 


\n oxygen attack of feedwater heater surfaces can 
occur when evaporator vapor is directed to the vapor 
side of the heaters. Fig. 12 shows the oxygen content in 
the drains from the low pressure heater immediately 
below and above the point of addition of the evaporator 
vapor In this unit the evaporator vapor and drains 
exhaust into the vapor side of the low pressure heater 
Ihe drains from this heater cascade down to the con 


denser 


CASE M 

Oxygen can also be introduced into the condensate by 
the addition of heater drips in a system containing poorly 
operating turbine gland seals Fig. 13 shows the in 
crease in oxygen content in the low pressure heater drips 
\t the low load 
be adequately vented to the condenser 


at high steam loads the heaters can 
The bleed steam 
to the heaters is low and the oxygen content, as shown in 
Fig. 13, 1s low 

While it has been indicated that operation at low or 
varying load conditions can lead to the malfunctioning of 
the oxygen removal apparatus, oxygen can be introduced 
into high-capacity boilers during periods when the de 
aerating equipment is performing as designed and guaran 
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Fig. 14—Detection and rernoval of oxygen leaks in valve 
and gland connections ahead of condensate pump 

— +> 

Fig. 15—Oxygen content in the condensate and in the feed- 
water with varying load; deaerating condenser used 


two large units operating at pressures above 


teed In 
100 
appreciable increase in the oxygen content in the water 


psig, and employing deaerating condensers, an 


at the boiler feed pump was indicated by recording and 
14 shows the oxygen content 
Chemical analysis checked the 


analyzing apparatus. Fig 
at the boiler feed pump 

recorded values closely \s the air leaks into the system 
were detected and removed from gage glasses, conduc 
tivity cell connections and gland packings between the 
condenser and the condensate pump, the recorded value 
After the 


content 


dropped as indicated in Fig. 14 corrections 


were completed, the guaranteed oxygen was 
obtained 

rhe data shown in Fig. 15 is presented to illustrate the 
accuracy and reproducibility of recorded results. Two 
separate analyzers, one at the condenser outlet and the 
second unit at the inlet to the economizer, were installed 


in a Where all the 


curred in the condenser and the oxygen content was low, 


feedwater system deaeration 0 


the agreement in results is clearly visible 


Chemical Control 


In the majority of the steam generating systems, a 


reduc ig agent su h as sulfite or hydrazine is used to re 


move trace quantities ol oxygen The greatest number 


of plants use sulfite as the scavenger for oxygen Tests 


have shown that the latter when added continuously in 
a dilute solution, and maintained at a low concentration, 
in the boiler water, will reduce the corrosion potential 
in the boiler 

rhe use of hydrazine has been reported by E. Fiss (5 
of Duke Power Campany at the American Power Confer 
in 1954. The period of use of the latter chemical 


has been short and reservations relative to its adequacy 


ence 
must be made pending future results. Its decomposition 
tendency at the higher pressures has been established 
and its addition to feedwaters has been in quantities ap 
stoichiometric 
rhe data obtained in a number of surveys 


proaching the requirements tor reaction 
with oxygen 
aiid not show a reduction in the oxygen content in the 


hydrazine were added con 


Che addition of a cobalt 


feedwater when sulfites or 
tinuously in small quantities 
sulfite did not an improved 


The 


result in 
plant 


catalyst to the 


chemical reaction as indicated by tests 
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principal corrosion in feedwater systems, where the 


oxygen content is relatively low, has been shown to be 


due to the low pH maintained 


Summary 


From the results of the investigations, the following 
are indicated as design or operating lactors which con 


tribute to the oxygen problem in a power cycle 


Introduction of undeaerated or partly deaerated 


condensate to the feedwater his pertains in 
particular to systems where surge tanks float on 
the feed pump suction or in plants where con 
densate is transferred from a low to a high pres 
sure system 

Feedwater heaters which operate normally under 
positive pressure but drop to vacuum at light 

Most of the 


increase in oxygen where heaters which operate 


loads systems tested showed an 


over a range of positive and negative pressures 
are used 

he addition of heater drips directly to the con 
densate system In systems with deaerating 

condensers, it increases the oxygen in the water 

to the 


increases the 


boiler In systems with deaerators, it 


corrosion potential between the 


condenser and the deaerator 


he addition of an improperiy vented evaporator 
vapor toa deaerator after an ev aporator crac king 
period 

rhe presence O1 excessive turbine gland seal leaks 
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Research in the Electric 
Power Industry 


By L. R. GATY 


Manager, Engineering Dept., Philadelphia Electric Co. 


This paper reviews briefly the electric 
power industry, the research it has done 
and is doing and discusses areas of re- 
search which should be pursued more 
aggressively. The industry must provide 
the highest service reliability at the lowest 
cost consistent with sound practice. Any 
research that holds promise of fostering 
this objective should be considered and 
encouraged either directly or indirectly. 


HERE is no question of the need for research It 
is the key that ha 
for the benefit of 
that we have 
that 


will dwarf th 


unlocked many secrets of nature 
There 


just begun to tap nature's store 


inkind is every reason 
to believe 
elopments and knowledge that 
date 
joy a steadily rising standard 

that 


er toexamine what part the 


house and new ce 


le ahead progress made up to 


Research will enable us to e1 
of living It wa ‘ created the electric 
power industry and it 1 
utility industry should t: il an aggressive research 
search have been and art 


will 


program. Certain types of re 


being conducted by the utility industry and these 


be continued and expanded Chere are other types of 


research that have no place in a prudently managed 
Between 


that 


utility company and these will be avoided 


these two 1s a broad band controversial activity 


must be carefully considered 


earch 


of Re 


Our language is woefully inadequate to convey a 


common understanding of a simple statement Psychol 


ogists tell us that a word or phrase will bring various 
to the mind of the hearer Phe 


ociated with the sky by one 


associated ideas simple 


word blue may be person, 
with someone's eyes by another, and with a deep placid 
What does 


white 


research mean to you? 
frocked 


tubes, or a scientist 


pool by another 


Does it bring to mit chemist in a 
laboratory filled 


with various comple 


with working 


nic equipment, or possibly a 


doctor using a microsc » examine samples of living 


tissuc Certainly I are research but there are 


many others and to] meeting of our minds we must 


be more specific and delineate our areas with care 


Research is defines bster as a ‘careful or critical 


inquiry or examina eeking facts or principle 


liligent investigatio rder to ascertain something 


Starting with this bri efinition I will give my defini 


tion of “fundamental research basic research ind 


indamental research’’ 1s seeking 
knowledge of the fur ental 


usefulne of the 


‘applied research I 
without 
Bas 


laws of nature 


regard to the knowledge 
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natural laws and 


; Applied re 


is taking this knowledge of 
mankind 


research 
applying it for the benefit of 
search” is seeking ways to improve a product, reduce its 


cost or broaden its usefulness 
Research Being Done By Industry 


Considered in the light of this definition there is a very 
substantial amount of research carried on by the electri 
utility industry Much of this might have been carried 
on by industrial concerns or by universities but was initi 
ited by the utilities before other groups became interested 
Many of these should have been included in the category 
hese include work 


of research but were not so classed 


in the technical and scientific areas and frequently ex 
tend 
with this industry 

\ few of the research projects now active or completed 


rhis partial 


well beyond the scope of work usually associated 


within the past few years are listed below 

list indicates the variety of probl ins being investigated 

by research supported either fully or partially by electric 

power utilities 

Research on graphitization of steam piping 

\n investigation of the phenomen of graphite migra 
tion and means of prevention sponsored jointly by 
Edison Electric Institute (EEI) and the 
of Edison Illuminating Companies (AEIC) 


Association 


Pranch circuit overcurrent protection 
\n investigation of the 
ments of Branch Circuit 
EEI and AEIC and conducted in cooperation with 

the Underwriters’ L 


characteristics and require 


Protection sponsore d by 


iboratory 
underground cable research 


factors affecting the rating and 


Pipe type 
\n investigation ol 
high 


systems b\ 


voltage type underground 


KEI and 


operation ol 

cable 
Heat pump stuches 

rhe joint AEIC/EEI Heat 


sponsored several studies of various phases of the 


pup 
ARIK 


Pump Committee has 


problem including heat storage media The com 


mittee 1s now carrying on a preliminary investiga 

tions of supplemental heat sources including solar 
heat 

Steam contamination 

which 


tudy the factors 


mnpurities mto 


Chis research was organized to 


govern the introduction of team 
from the water in the boiler and the subsequent dep 
blades of turbine 


boiler 


impurities on the 
KEI, AEI¢ 
manulacturers 
tudies in a litth 
and the dey 


osition ofl those 
mianulac 
volved 


brand of 


It was ponsored by 


turers and turbine and in 


fundamental known 


physical 


measuring technique 


chemistry clopment ol new 


er an Imeatit 
iar 41055 





In addition to the above, active research has been car 
ried on in the following fields as well as others not enumer 


ated 


Electronic accounting machines for billing 


Artificial re 
Load characterist« 


uscitation 


Furnace performance factors 
Atmospheric contamination 
High temperature 
Welding 
Fly ash 


steam generation 


has be etl very 


Engineering LE IC 
factors which affect cable rating 


The Cable Section 
active in exploring man 
life and operation and has received excellent cooperatior 
cable 
has been done on 
voltage cable 
ippears as though cable 
at 445 kv and could carry 


lower 


Preliminary 


from the manulacturing companies 


tigating the possibility of 
With presently availabl 
would have a very 


no load at 380 


work inve 
using extra high 
insulation it 
low load rating 


kv due 


the way to a substantially 


to high dielectric Research which pointed 


dielectric loss in the 
cable insulation would improve the performance of exist 
ing cables and permit an extension to voltages in the 
SOO-400-k\ 


In addition 


range 


to thes been 


direct projects there have 


many carried on by various technical committees of in 


dustry organization: Our industry is unique in it 


among it 
frankly 
to othe t 


policy of free interchange of information 


member companies Troubles and errors are 


and all availablk 
companies having the same problems or equipment \ 


discussed information made 


catastrophe may occur on one system and within a matter 
of hours it is known and the high lights made availabk 
to other companies Visitors will arrive and be given full 


information, and later these troubles fully discussed and 


analyzed at committee meetings In addition, innova 
tions, improved methods, better utilization of equipment 
and the full 


his atmosphere 


and economic simplification are discussed 


to all interested 
and mutual interest has created a committe 


story made availablk 


of frankness 
effectiveness It 


unusual permits the 


orgamzation ol 


entire industry to benefit from the of each 
member and allows the group to go forward with accurate 
Without this free and frank inter 
larger 


and 


pronecring 


scientific knowledge 


change the to higher voltage, units, 


progr SS 
higher temperatures 


industry 


greater Capacities 


would have been much slower The does not 


call this activity ‘research’ but certainly it is included if 


we refer to the definition 


Progre Through ¢ ooperation 


weighed and 
needs a healthy 
industry 
is essential to a continuing 
standards. Both of them 
need a healthy, aggressive, alert and forward looking 
group ol technical educational institutions hey pro 
lifeblood of both industries through the new 
Without a virile and progressiv« 


that must be 


industry 


needs 


There 
evaluated The 


various 
utility 


aggressive equipment manufacturing and an 


aggressive utility industry 


improvement in our living 


vide the 
talent that is trained 
educational program we cannot continue to progress as 
Ways must be found to keep the 
healthy 


we have in the past 


educational institutions and solvent and to 


50 


pre ssures 


attract and hold outstanding teaching staffs. One way 


of doing this is to authorize research projects that will 
provide financial support, and equally important, will 
stimulate interest in the power industry 

rhe electric utility industry has just passed its seventy 
fifth birthday with every indication of a continuing dy 


for the best 


namic growth ahead There is a challenge 
technical and managerial talent to carry on its traditions 
and fulfill its obligations 


success is an extremely close relationship that has existed 


One of the reasons for this 


engineers and the engineers of the 
Phrough the 
grown up between these 


between the utility 


equipment manufacturers years a co 


operative partnership has two 
groups that has resulted in unprecedented progress in 
with ever increasing efhcenc 
utility could not 


without the 


new and better product 


and reliability The electric industry 


have reached stature develop 


ments that 


its present 
stemmed from this teamwork and the 
that 
higher efficiency, 


have 


has been made 


research and standardization pos 


sible New designs, greater economy, 
better reliability, simplicity of operation have all resulted 
from this partnership and have permitted cheaper and 
more reliable electric power to become one of the miracles 
of our industrial expansion All groups have shared in 
the benefits of 


search must not interfere 


this teamwork and any program of re 
with it 

Che equipment manufacturing industry has provided 
research laboratory facilities and personnel to carry on 
The fields of in 
vestigation are broad and include metallurgical, chemical 


This has many 


an aggressive program ol research 


electrical, thermodynamic and others 


advantages to the manufacturer and his customers. It 
makes available the results to a wide group, it strengthens 
the sponsor, it provides excellent facilities and technical 
talent a problem that may develop sud 


denly in connection with new products or new applica 


to investigate 


tions and it provides lower costs for the manufacturer 
that can be passed on to the customer along with a better 
product. Competition tends to increase the effective 
ness of this arrangement and makes it far more produc 
a single research center supported by many 


Chere is nothing that provides a greater in 


tive than 
sponsors 
centive than having a competitor get a temporary udvan 


‘ 


tage through improvements in his product. It is a 
characteristic of the American buyers that quality and 
periormance are far more important than price 

his 
proper that certain types of resear¢ h should be conducted 
by the manufacturer and not by the rhe 
customer should not be expected to do the research to 


research program must not be upset. It ts 


purchaser 


improve the product he is purchasing, although he should 


make sure the product is the best for the application he 
has in mind 

Ihe industry today is producing a kilowatt hour for 
less than half the fuel required thirty years ago Chis 
has not been brought about by any one group but through 
the combined efforts of the manufacturers of all types of 
equipment and the willingness of the utility industry to 
pioneer by purchasing and operating this equipment 
Many times there has been a small venture into unknown 
regions and sometimes it has been necessary to backtrack 
temporarily Che utility 
the costs of the necessary research and take the 


has been willing to 
risk 


rhe field modifications made in 


industry 
pay 


of expensive changes 


cooperation with the manufacturer have made many 


March 1955—-C OMBUSTION 





contributions to re ind scientific knowledge 


| he r¢ 
research 


appears no other feasible way of doing this type of 


a million per-hour boiler cannot be set 


up in a university 


activity 


laboratory for research purposes, and 

rhis 
That is 
undoubtedly one of tl ings that could have been more 


scale models do not yield typical results 


is not called research but it should be 
widely publicized in tl { 

under 
work 


There are man’ projects which must be 


research 
there are 


full il | basis and the 
tio! f Naturally 
components that mi be desi 
the 
operation of the de 


taken on a 


done after many 


oper 
gned, analyzed, tested and 


modified in shoy fore fabrication, but the overall 
urately determined 


Phe field 


are fed back into the manu 


innot be acc 


Irom component information necessary 


modification 


group and u 


work and many 
tacturer's design 
Thi 

the 


prosperity ol 


ed to iunprove future prod 
a substantial contri 
irt and to the 

but 
earch activities 


uct type of research makes 


bution to knowledge welfare and 


the utilit 


discu 


does not get in 
cluded in the 
Kven though a great deal of research and promotional 


ictivity is being carried on by the utility industry and 


by individual electric utility companies there is certainly 
ample room for improveme! 
in the 
pansion in the 


le el of 


are many 


t and a substantial expansion 
Dynamic and continuing ex 
ts that an increase in the 

Phere 
should be 
(one 


amount of acti 
industr ugg 
would be 
the 
research 
the 


plant investment In 


research acti appropriat 


cogent ré why industry 


providing a more | ressive program 


nherently utility industry 
long life from it 
dustrial concern 
hort 
major plant investments of 
that will « 


ind lower annual cost is highly 


obviou reason 1 
must obtain a 
are able to write off equipment on a 


term basis, but this is out of the question for 


utility companies Any re 


search activity ontribute to longer useful life 
beneficial 


es of Ienergy 


rgy coming to the front 

talent 
lic energy for war and peace than 
Phe utility 
this field and ts actively 


There 1s a new source of ene 


Atomic Energy More of our national scientific 


is devoting itself to ator 


has ever been devoted to ingle project 


industry is vitally interested in 


conducting research 11 directions. A large num 


ber of electric utility companies are participating in one 
energy in all 

Chemical, 
mechanical and econom« 


his 


universities, 


or more study groups investigating atom 


its peacetime power producing aspects 


metallurgical, thermodynami 
work 1s 


weighed and investigated 


the 


factors are 


being done in laboratories of industrial 


concerns and research foundations The recent changes 


in the law wil] permit gr 


Phe 


edge 


ter use for pear eful purposes 
inéustry is now well advanced in its knowl 
nect 


utility 


in this field and fully « to continue on to the 


installation of large scale atomic energy applicatior 
that ha 
the 


radiation 


mind an item 


iblicity 


Chis immediately bri te 


recently wick and has caught 


Phi 


ener? I 


received 
the 
to electrical 
heralded 


Some ol 


fancy of ersion of solar 


public 


been improved and widely 
the utility 


writers 


How does this affect industrs 
the 
solar converter on evet 
ivailable for all 


cooling of the 


semi-scien tific have envisioned a 


ousetop with unlimited power 
Bee a 
Ali 


household uses including heating 
ot con 


home We can say without fear 
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tradiction that with present knowledge, materials and 
only a But as 
knowledge and provides new materials the dreams of the 
Certainly the 
utility industry must keep abreast of all new develop 


costs this is dream research adds to 


visionaires are often realized or exceeded 


ments in this field 

There may be other new forms of energy or energy con 
version that will appear in the future. When these are 
discovered through research the electric utility industry 
must keep abreast of the developments and be ready to 
use them to supplement the older forms of energy con 
version. This may require a research program to apply 
the knowledge and make the energy commercially useful 
but the industry should not embark on a program of fun 


damental research to discover such energy sources 


Proere lhrough Dissatisfaction 
Che progress that has been made in the past filty years 
The 
tomers are eternally dissatisfied with what they have and 
better New ¢ 
new appliance entertainment, 
Phe the 
aggressive and vocal and any 
to it will fall by the 
extends the factories 
tools, better quality 


can be keynoted as due to ‘dissatisfaction cus 


want something bigger and ars, new 


clothes, new home new 


and new roads dissatisfaction of \mericat 


concer 
This 


utilities 


public has been 


that does not cater waysice 


dissatisfaction into and 


setter control, and better 


are dissatisfied with the service they render, with 


machine 


working conditions are always being striven for 
utilities 
the equipment they buy, with the engineers educated by 
the the 


Always they are a better, 


our universities, with cost of equipment and 


seeking 
that 


operating expenses 
reliable, 
pler and safer to operate 

rhis healthy 
trive for something better and not 
different Dr Dr 
with the amount of research that was being sponsored in 
had for it.! 
and abl 


more more economical device will be sim 


dissatisfaction 1s provided we alway: 
just for something 
dissatisfied 


Hobson and Lewis were 


universities by utilities and justification 
hei 
of the important problems facing the Electric Power In 
Very litth 


much more 


paper 1s a provocative Statement of one 


has been done through this channel 
should be 


most unfortunate if this did not meet two requirements 


dustry 


and more, dom But it would be 
first it must be research which will help the utility in 
dustry to move forward second it must be the type of 
research that can be done properly and effectively by the 
this subject and 
the 


mnportance ol 


universities. Dr. DuBridge discuss« 
points out the 


but 


lor 
the 


advantages of research, needs 


research, above all the doing 


proper kind of research and not merely gadgeteering for 
the sake 


university can 


Research in a 
the 
a stimulus to 


of obtaining financial support 


make a substantial contribution to 
understanding of natural laws and act as 


by other groups I, too, dis 
the 
the 


achieved If 


research am 
the 


in) 


additional 
atisfied 
doing, but I 


industry i 
reliability of 


amount of research 
atisfied 


the 


with 


also di with 


ervice rendered and with cost such 


‘ower Indust Hobson and W. A, 
page 
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research will make a substantial improvement in the set 


vice rehability or a substantial reduction in its costs then 
the problem of the university research groups would be to 
find facilities and staffs to 
ects thrust upon them 


Industries 


keep up with the research proj 


hiring technical men have tndicated dis 
with both the quantity and quality of the 
ited The 


flow of good engineers « apable ol 


atisiaction 


engineers being edu electric power industry 


urgently need i stead 
growth and development. It is essential to stimulate the 
t of the teaching staff a 


ahead in the 


tudents in the 
One of the ea 


inter well as the 


ypportuniti power field 


ist and most eflective Wil ol doing this is to pro wile 


research projects that will provide financial support for 


the mstitution and for the taff and provide mental 


timulation for the staff and students Phere are many 


ulyantages in such a program, the least of which is that 


it can be at least self supporting and may pay off in sub 


tantial direct benefit In addition it provides financial 


upport for the inprovement of physical facilities, it 


ind hold high 


held otherwise, 1t prov 


to obtain grade teaching staffs that 


hue Ip 


could not be ides a real interest on 


the part of the men who are training and advising the 


tudents and it will provide a more adequate flow of well 


educated engineers interested im the power business 


uch a plan would also provide a pool of consultant 
conditions and 


Phere 


uch consultation was desperately 


conversant with electric power industry 


ivailable when unexpected problems arise have 


been many case where 


needed but was not available or was unknown 


r Indust) 


In thinking of the | industry, many people in 
electric utility Brief considera 
that this is only ind that the 


the equipment manufacturing industry, all 


ower 


clude only the madustry 


tion will show i part of it 


field ineluctk 
industnes such as mass transportation, automotive 
much of the 


field New techniques m the elee 


large 


manulacturing, mining and entertainment 
ind communication 
fielcl 


Phe alummmnum mdustry has 


mounts ol 
of the 


lelevision and 


trometallurgical require tremendous 


power wore largest 


hydro lectric ce elopt ents im the world 


radw require larywe bloc tf power: ind color tel Vision 


The power requirements ol 


imdustry 


will increase this 1 Viold 


the fabricating and wmmufacturing are imecreas 


ing steeply with the need for higher product output with 


lower costs and fewer men The large factones have ex 


built in with the re 
flexible 


techniques and power 


power distributior tem 


that they must be 


tensive 


quirement enough to meet 


changes in manufacturing 


W het we 


it credit for its full scope 


future 


requirement think of the power industr‘ 


we should give 


Cooperative teamwork between the power industr 


wid the educators will provide handsome benefits to both 


provide i medium through which 


There 1 
stitutions, the 


irtn Research 


this can be don i broad mutual interest be 


tween the educational u manulacturers 


the contractors and the utilits This mutual interest 


hould provick a strong incentive to work out a reason 


able 


solution benefiting all parts 


the torecasted growth m electri 


\ brief 


power us by 


review 


many experts presents a challenge of the 
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first Even issume that the growth 


slows down and our load doubles each fifteen vears we 
2000 The 


magnitude if we 
times the load by the vear 
upply of our customers at that 

fields of generation, 
ind record 


will have eight 


efficient time will re 


quire new knowledge in the trans 


mission, distribution, utilization, accounting, 
Some of these problems are common to other 


public utility 


keeping 
with the 
is available the 


industries but some are unique 
this 
growth 

utility 


strengthen and expand the 


imdustry The knowledge 
more healthy will be the 
Research by the 


and a way must be 


SOoOneT 


electri industry is essential 


found to 


research being supported by the industry \ tremen 


dous job lies ahead of us even if forecasts of future growth 


are only partially fulfilled and every tool must be utilized 


that 
conceived and properly channelled is a 


Research wisely 
tool that 


sound growth and help assure that capable 


to assure this job is done well 


will 
issist in thi 
technical personnel is available to the industry 


" 
Vole 


ledttor 
four on ymnpostum enti 
Vake Use of Researcl 
concluded Winter 
Februar 


lhe adove paper was one of 
led ‘How Can the Utthties Best 
hy the AIEEE at ut 
Veetine, New York, N. Y 


recent 


Januar i] 


bonsored 
Crenerai 
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High Temperature Water Heating 
System Supplies Dover Air Force 
Base Needs 


Water has long proved to be an excellent 
heat transfer fluid and the recent in- 
creased attention to high temperature 


water for heating and process reflects the 
of system designs which 


development 
make it possible to utilize the relatively 
high specific heats of water in and around 
300 psig. Here is a description of a large 
scale high temperature installation at a 


U. S. Air Force Base. 


HE | tase, Dover, 
iting n for the 
on the 


he at 


Del., employs a 


district he various buildings 


warehouses and hangar base with a central 


heating plant rving the source High tem 


lected as the most economical 


heat 


water 


for di I gy the 


perature 
mediun 


In essence, high mperature water heating systems 


are a further dey nt on a larger scale of principl 
, schools and 


heat 


used in countlh heating tems for home 
building lo effect 


water 


other small economies on 


transfer apparatus a! hot distribution equip 


ment higher temperatures and necessarily higher pres 


used as early as 
LOO fF equiva 
high temperatures, that 


sures are used Higher pressures were 
the 1920's when pressures up to 


| su 
lent 


0) psig 
were idoptec ice very 


is above 3SO0 F ire [ten required, except lor process 
' 


ind general range is from 350 
above 400 F 


heating, the more p 
F to 370 1 remy 
il for di 


do not prove 


econo 


The three 


Fig. |—Exterior view of the boiler plant at the Dover, Del., 

Air Force Base which can supply with three C-E La Mont 

controlled circulation boilers a heat lead distributed in 98 
buildings around the Base 
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By M. W. WILLIAMS 


Combustion Engineering, Inc. 


Mont controlled 
100 psig pres 


the Dover Air Force Base are C-E La 
circulation hot water boilers designed for 
sure but operated at 275 psig (415 F equivalent) Phe 
pecified rated output is 50,000,000 Btu per hr, maximum 
value 


of the 


continuous, when using No. 6 fuel oil of a calorific 
of 18,500 Btu per lb, as fired Each generator 1s 
assembly divided 


Hae h 


tubing with an orifice located at the 


watertube type with the boiler tubs 


and convection sections tube ci 


O.D 


into radiant 
cuit 1s | in 
inlet end for meter.ng the water in accordance with the 
heat absorbing capacity of that tube 


W ater 
through the 


distribution system enters the boiler 
bottom of the 
the rear, Fig. 4 Phe platens and the 
wall that the 


water parallels the gas flow, due to the single pass boiler 


from the 


inlet header at the boiler in 


side wall tube 


front tubes have connecting headers so 


design, with water leaving the boiler through the front 


top header and entering the expansion drum that serves 


more than one boiler Water from the expansion drum 


enters the distribution system circulating pumps which 


discharge it into the system at Fig. 4 does not 


375 psig 


how the single separately imstalled expansion drum 


Fig. 2—Heat exchangers have been located in each of the 98 

buildings for local building heating needs. Where steam 

is needed separate heat exchangers are provided. About 
14'/. miles of interconnecting piping are ernployed 
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Fig. 3—Compact, fully enclosed design of the controlled 
circulation boilers, above, permits high degree of shop as- 
sernbly as well as a conservative use of building space 


lleating Load 


\t Dover Ai Force Base there are 98 buildings re 


quiring heat. Some of these buildings, such as the ware 
houses, are heated directly with high temperature water 
at the full pressure in the distribution system, whereas 
the living quarters, mess halls, and others are heated with 
low heat 
together with the steam requirements they impose, are 


pressure, hot water These individual loads, 


listed below 


a) High temperature water at 385 F is distributed 
to the heaters installed in the 
hangars and shops 


b) Low pressure hot water heats the living quarters 


clirectly unit warehouses, 


through baseboard convectors, the mess halls by means of 
unit heaters, the medical buildings with fin tube radiators, 
the operational buildings also with fin tube radiators and 
unit heaters, and the special services buildings with fin 
tube radiators and unit heaters 

Chis low pressure hot water is produced through in 
direct heat exchangers, Fig. 2, located one to each utility 
Each of the 9S buildings has its own utility room 
385 F) water from the 


room 
The high temperature 
tribution system passes through the primary coils of the 
heat exchanger Che low pressure hot water is pumped 
from the secondary side to the local heating units he 
medical and operational buildings will have air condition 


main dis 


ing and will be connected into the low pressure heating 
lines serving the fin-tube type radiators 

Where steam is required, whether it be for cooking, 
sterilizers or other purposes, a separate high-temperature 
water-to-steam heat exchanger has been installed in the 
building's utility room 


rhe steam requirements are Officers Mess 


is follows 
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Fig. 4—Sectional view of the C-E La Mont controlled cir- 
culation boiler demonstrates its single pass design, freedom 
from baffles, absence of a boiler drum 





Hall 20 psig, Hospital 


45 psig, Airmen’s Mess Halls 
30 psig, and the total steam 


30 psig, Refrigerator Storage 
30 psig, Boiler plant-—67 
psig, Maintenance Shops 
flow amounts to 16,810 Ib per hr 

If there were no heat exchangers, 
would be necessary in each building, requiring a licensed 
operator or boiler attendant Since heat ex 
changers are classified as unfired pressure vessels, they 


a separate boiler 


room 


can be, and are, of course, left unattended except for 


periodic inspections and servicing visits. This is one of 
the 
With high temperature water, there are other advantages 


elimination of steam traps, no grading of 


greatest advantages of a district heating system 
such as the 
supply and return lines, no condensate receivers or con 
densate pumps and a compl te return of all unused heat 


to the central heating plant 


Distribution System 


At the Dover Air Force Base, there are three main 
Zone |-—-19,890 ft of piping, Zone 2—35,350 ft 
of piping, Zone 3-—— 20,850 ft of piping Che total length 
of these heating lines, excluding internal distribution 
» miles 


zones 


within the 98 buildings, amounts to almost 14! 
he main supply and return lines alone total 34,340 feet, 
the balance being external branches or sub-main circuits 

In steam the 
drop is the deciding factor and one which has a direct re 
lation to the diameter of pipe used. With high tempera 
ture water, however, it is the design temperature drop 
In low pressure hot water 


systems, system 


distribution pressure 


which is the governing factor 
systems for internal hot water space heating, it is usual 
temperature 


to design the distribution piping for a 


drop of 20 degrees F, but with high temperature water 
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the design temperature drop may be as high as 200 de 
grees F, although th commonly used and more 
economical design drop ranges from 150 degrees to 160 


most 


degrees F 
Another great advantage of high temperature water 
for heat distribution is its ‘‘thermal-flywheel’’ character 
This feature develops from the fact that the en 
tire piping system, maintained full of high tem 
a vast reserve heat storage 
per 


istic. 
always 
water, constitutes 
effect represents approximately a 20 
boiler capacity. As a 


perature 
his reserve 
cent cushion or safety factor 


result boilers can and are designed for the average 24 
hour temperature rather than the peak load tempera 
ture 

rhe reserve of heat in the 
Air Force Base better understood when you real 
ize the total water in the complete system, including the 
about 700,000 Ibs. This is an 


and one of great value 


entire system at the Dover 


may be 


three operating boilers, i 


important asset in an emergency 


when changes or extensions are contemplated 


/-conomtes 


Economies to be affected by using hot water instead 
of steam are as follows 

1. No high pressure steam traps required, resulting 
in substantial saving in first cost and a further saving by 
eliminating steam losses likely in normal trap operation 
as well as attendant maintenance 

2. Elimination of blowdown, normally a 
cent operational loss 

4. No pressure reducing valves needed, producing : 
and ¢ 


three per 


first saving in valve cost, a second in maintenance 
third in steam losses from improper regulation 

t. No safety valve vent losses such as exist with ; 
steam boiler 

5. No condensate pumps, tanks, controls and vents 
required, avoiding their inherent steam losses 

6. Elimination of expensive feedwater treatment 
system, with its continuous chemical cost and 
tenance. Water makeup for a high temperature water 
and this can be handled with a small 


main 


system is negligibl 
batch treatment storage system 

7. No investment outlays for corrosion protection in 
condensate return lines, an essential con 
sideration for 


representing 
a steam tem but not for a high tempera 


ture, water system 


Boiler 1 di 


antages 
Following the decision to use high temperature water 


is the heat distributing medium instead of steam, it was 
especially designed for high 
rather than units designed 
hot water. Pre 


steam boiler with 


ilso decided to use boilers 


temperature water, Fig 5, 4, 


to generate steam but modified for 


viously, the conventional watertube 


multiple water passes had been adapted for high tem 


perature water with mixed and not altogether satis 


factory results 
The C-E La Mont « 
3, 4, especially designed for use in hot water systems 


ntrolled circulation boiler, Figs 


provides the following features 


COMBUSTION—March 1955 


and maintenance 


1. Controlled circulation such that water is distributed 
to the various tubes in accordance with the heat ab 
sorbing capacities of the tubes. With this arrangement, 
a minimum amount of water need be circulated through 
the boiler with a corresponding minimum pressure loss. 
With a small increase in head, the system circulation 
pumps can therefore provide for circulation through the 
boilers. The need for a separate boiler circulation pump 
is thereby eliminated thus affecting a saving in initial 
and operating costs 

2. No drums are required on individual boilers. A 
single expansion drum common to all boilers can be used. 
This results in a simplification of the control system and 
eliminates the necessity of providing balance pipes be 
tween the various boilers in multi-boiler installations 

3. Special tube arrangement is provided so that 

(a) Boiler tubes are ventable to the outlet header 
thence to the expansion drum) under all operating con 
ditions. Vapor binding will not occur. Even though a 
small amount of steam may be formed in the tubes under 
some operating conditions, it will remain entrained until 


(and 


it separates in the expansion drum. 

(6) Boiler tubes are completely drainadle, 
ire no reverse vertical tube circuits 

(c) The boiler has a single pass design with no baffles, 
arrangement gives parallel flow of gas and 
avoided in zones of 


and there 


and tube 
water. Low metal temperatures are 
low gas temperature thus minimizing the possibilities of 
corrosion resulting from high sulfur fuels 
(d) Maximum furnace cooling 
effective utilization of heating 
markedly lengthens refractory life 
(e) Maximum cleanabhility is obtained with minimum 


and the most 


occurs 


walter 


surface Chis 


fouling in operation 

t+. Miscellaneous advantages include 

a) Maximum degree of shop assembly thus greatly 
reducing field erection costs 

b) Complete 
operation with oil or gas fuels thus eliminating the ne 


steel casing suitable for pressurized 
essity of induced draft equipment 

c) Bottom-supported design thereby reducing strus 
tural steel 

(d) Adequate 


access panels for cleaning, inspection 
of convection bank heating surface 


e) Minimum space required saving in building costs, 
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A guide to better flow metering 


Automatic Combustion Control 


Here’s a new fact-filled, technical booklet that tells you feature for 
feature how the new Hays electronic flow meter excels. 


Electronic operation — provides maximum accuracy (4% of 
full scale differential), and speed (4 seconds for full scale pen 


travel). 


Mercuryless transmitters —rupture-proof metallic bellows for 
differential pressure measurement. 


Continuous integration — motor-driven, continuous mechanical 
integrator is extremely accurate even on rapid load changes. 


Other features include powerful motor, easy readability, accuracy 
unaffected by normal temperature changes, optional explosion 
and weather-proof transmitter. 


Write for bulletin 54-1074-222 and get the important facts. 
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Fig. 2—Diagram of oscillator which supplied power to a 
Fig. 1—Schematic diagram of test apparatus where small driver unit that set up enough sonic energy in test furnace 
regulated quantities of coal were burned to prevent coal loss from adhesion to the tube walls. 


Influence of Physical Factors in 
Igniting Pulverized Coal 


By BIMALENDU GHOSH and A. A. ORNING 
Carnegie Institute of Technology, Pittsburgh, Pa. 


The ignition process for pulverized coal Che purpose of the investigation was to study the in 
involves heat transfer by radiation and fluence of the different factors upon the ignition process 
heat loss by conduction into the sur- independent of the influence of the same factors upon 
rounding atmosphere. Anything that the resulting flame For this purpose small flames were 
changes the rates of these transfers and 
losses changes the rate of flame propaga- 
tion. This study investigates the influence 
of the different factors and also such 
burner design factors as coal fineness, ix perimental 
fuel distribution, aerodynamic patterns Phe apparatus used, Fig. 1, consisted of an electrically 

heated furnace, F, and a circulatory system for suspend 
ing coal in air and feeding it to the furnace Phe fur 


produced in an electrically heated furnace, so that most 
of the heat needed for ignition came from the furnace at 
an independently controlled temperature rather than 


from the flame 


he design of pulverized coal burners has developed 
nace was made of refractory insulating brick, Armstrong 


largely as an industrial art. Coal characteristics, 
\-26, set in a tight steel case with an open bottom rhe 


fineness of grinding, distribution of coal in the ai 


furnace cavity was 4 by 4 by 1.5 in. high Heat was 


stream, heat loss from the flame, and the aerodynami . 
supplied by two 0.5-in. Globars placed horizontally on 


pattern are factors that influence ignition and flame 
,.5-in. centers in the mid-plane of the furnace cavity \ 


stability in pulverized coal burners he interactions of 
' é' thermocouple was placed with its junction at the mid 
these factors, and eve the manner in which they in 


lividually influence the flame, are not fully understood point between the Globars, 0.75 in, from the ceiling of the 
‘ l 1¢ le Lame, « 0 if SLOO 


hi rine s. rt f opposin eaflsses upon furnace cavity, and 1.0 in. from the axis of the coal feed 
S « SCS 1 Da HNecause Oo MMDOS x eTices ”) 


' 
} 4] 


: tubs rhe couple was made of |6-gage Chromel and 
nergy release in the flame ind upon energy transliet 


processes that ar a5. foe teelan at Alumel wires with an exposed junction extended 0,125 in 
TO Ssses i ire respol vie 0 yv on o e cCOa 


oO ts s rting t I ler t as a sti 
a ae oe i Rl from i upportit ube The burner tube was a stain 


less steel tube 12 in. long and 0.120 in. in inside diameter 
rhe tip of the tube extended 0.5 in. beyond the end of a 
water-cooled jacket and, in the operating position, the 
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ONCENTRATION, (L8./CU.FT)x10" 


Input to driver unit 0 1 watt, 47 watt 18 watts 


Fig. 3—Sonic energy supplied at 480 cycles per second to re- 

duce coal losses initially retarded ignition but lowering 

power input to driver solved this difficulty. Coal was minus 
200 mesh, Pittsburgh Sear, 100 C furnace temperature. 


tip was flush with the ceiling of the furnace cavity. A 
peep-hole in the front wall of the furnace was used for 
observing the flame. Vertical displacement of the flame 
could be estimated within 0.05 in. by sighting against 
the thermocouple tip 

rhe circulatory system was composed of a fan housing 
and a 1.25- and 2.0-in 
streamline tubing. A vacuum sweeper fan and motor 
were totally The inlet the burner 
tube was placed on the axis of the 2.0-in. tube, seven pipe 
diameters below a 1.25- to 2.0-in. coupling. The cir 
culatory system was air-tight, so that air flow through the 
burner tube, B, could be metered at the air inlet, A 
Coal was added batchwise. Coal flow through the bur 
ner was determined gravimetrically by lifting the feed 


Six mm. mm diameter circuit of 


enclosed end of 


system and burner tube from the furnace and collecting 
the coal for one minute by aspiration into a filter 

Loss of coal in circulation, by adhesion to the tube 
walls, was avoided by use of sonic energy. <A 30-watt 
University driver unit, D of Fig. 1, was used for this pur 
pose. Power was supplied to the driver unit by an os 
cillator, the circuit diagram for which is shown in Fig. 
2 rhe lrequency could be from 500 to 5000 
cycles per second and the wave form was that of a square 
wave within a rhis 
wave form, with frequency variation in each 60-cycle 
wave, eliminated fixed nodal points where coal might 


varied 


sinusoidal, 60-cycle envelope. 


uthere. 

rhe furnace was heated to the desired temperature 
(#10 C) and 2 to 3 grams of pulverized coal was put 
into the circulatory \ metered supply of dry 
air was then used to expel the coal suspension through 
the burner tube and into the furnace. The coal flow was 
periodically redetermined with an air flow rate such that 
the flame was kept 0.75 in. below the burner tube tip. 

rhe ignition time was calculated as the transit time 
from the burner tip to the flame front, assuming that the 


system. 


Proximate Analyses of Coals Used 


As-received basis) 


unty t Btu 

Pittsburgh Payette, Pa 13,910 
Pocahontas No Me Dowell, W. Va. 5.3 t 14,760 
Illinois No. 6 Franklin, I 5 12 270 


4,44 


Seam ‘ 
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COAL CONCENTRATION, (LB/CU.FT)x109 


Purnace temperature 0 G00 ¢ 41000 ¢ x 1100C 


Fig. 4—Ignition time against coal concentration for a minus 
200 mesh Illinois No. 6 Seam coal. 


transit velocity was equal to the average velocity within 
the burner tube. Ignition times were determined for 
coals of differing ranks, for which proximate analyses are 
given in Table 1. The ignition times were determined as 
a function of coal concentration, furnace temperature, 
intensity of sonic energy, fineness of grinding, and fur 
nace atmosphere. The data obtained are presented as 
plots of ignition time against ratio of coal to air in Figs 


3 to 10 


Discussion 


For each of the coals it was found that the appearance 
of the flame depended upon the concentration of coal in 
air. At low concentrations individual particles ignited 
and contributed little to the heat transfer 
needed for ignition of their neighbors. With 
mediate concentrations, the traces of individual particles 
were visible throughout the flame, but burning particles 
were close enough to assist in ignition of their neighbors 
flame front, 


at random 
inter 


At higher concentrations, a continuous 
probably of burning volatile matter, assured immediate 
ignition of particles entering the flame front. Another 
limiting condition was found at still higher concentra 
tions, where recirculation filled the furnace cavity with 
flame so that the flame front could no longer be observed. 
rhe transitions were too gradual for precise estimation of 
critical concentrations. The curves of ignition time vs 
coal concentration, Figs. 3 to 10, cover the approximate 
range where well-defined flame fronts were observed 

Various uncertainties entered into estimation of igni 
tion times. The jet of air and coal flowed down from the 
cooled burner tube through the hot atmosphere in the 
furnace. Acceleration, due to differences in density, was 
opposed by drag between the jet and the atmosphere of 
the furnace flame size indicated little 
expansion of the jet or mixing with the surroundings. It 
was, therefore, assumed that the average velocity be 
tween the tip of the tube and the flame front was equal to 
the average velocity within the feed tube. Ignition 
times, calculated on this basis, may be subject to absolute 
error approaching a factor of 2, but the relative values 
are probably good within a few per cent 

Initial studies showed a retarding effect of sonic energy 
As shown in Fig. 3, ignition of 


The observed 


on ignition process 
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to 32 


Ls u.FT.)x 10% 


1100 « 


curve 4A and DD on 
of heat trans! 


Fig. 5—Ignition time against coal concentration for a minus 


200 Pittsburgh Seam coal. 


00-mesh Pittsburgh Seam coal was retarded when 
power input to the driver unit was 18 watts at 480 cycles 
per second, while experiments at 7-watt input showed 
as compared with experiments at | 
eriments at 1200 and 3000 cycles 
\ttenuation of 


; with decreasing frequency, 


slight retardation 


wattinput. Similar ex] 


per second showed no effect son 


energy in a channel decrease 


so that, with the low frequency and higher power levels, 


there was sufficient sonic energy in the jet leaving the 


coal feed tube to influence the ignition process. In sub 


sequent experiments the unit was operated with 15-watt 


power input at 1200 cycles per second where the son 


intensity was not a significant variable 


(0a R wh Parti le Size 
rank of coal 


Illinois coal, Fig. 4, 


Figures 4 to 6 show the influence of the 


upon the ignition time Che was 
could be maintained with 
temperatures as low as 900 C, and with 50 per 


Pittsburgh Seam coal, Fig. 5, also 


most readily ignited Flames 
furnace 
cent excess alr Phe 


gave a good flame at 900 C furnace temperature, but no 


il amount needed for com 
used he curves for the 
shaped like those for the 


temperatures had to be 


excess air over the theoreti 


plete combustion could bs 


Pocahontas coal, Fig. 6, were 
Pittsburgh Seam coal, but the 
ibout UU) 4 ind the 
tha 
An effect of particl C1 
Pittsburgh eam 
shift 
higher coal concentrati 
the cur in 


increased air supply had to be 


limited to not more 70 per cent of theoretical 
hown in Fig. 7 for 100- to 


Che 


ignition 


’00-mesh coal curves show 


significant tow higher times and 


needed for good flames, when 
Fig. 5 for 00-mesh 


Similar effects were 


compared with 


samples of the same coal found for 
the Pocahontas 
900 C was not so indepet 

Che effect of particle size was studied further by using 
prep 200-mesh Pittsburgh 
Size distributions were determined by micro 

and ilculated to a 
1) per cent over 60- and 75 per cent 


and the Illinois coals, but the curve at 


dent of coal concentration 


three size fraction ired from 


Seam coal 


count weight basis The 


scope 
coarse traction wa 
intermediate fraction wa 


over 15-micron siz The 
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Fig. 6—Ignition time against coal concentration for a minus 
200 mesh Pocahontas No. 3 Seam coal 


about 50 per cent over 00 and 75 per cent over 35 


The 
none over 20 
1000 C 
Ihe finest showed no greater ease of ignition 
his may 


mucrons fine fraction was 00 per cent over 6 


Fig. S shows the ignition 


temperature lor 


with mucrons 


curves at furnace each size 


fraction 


that that for the intermediate size fraction 


be due to the de pe ndence upon parts le size of the bal 


ance between the rates of heat transfer to the coal by 


radiation and rates of heat loss from the coal parti le to 
surrounding air by conduction (4, 10).¢ It is also pos 
sible that the 


persed in the air, as 


coal particles were not thoroughly dis 


some evidence of clustering was 
found when a sample of the finest coal was collected on a 
microscope slide by passing it though the jet of coal in 


air issuing from the feed tube 


Furnace Atmosphere 


Che influence of furnace atmosphere upon ignition was 
studied by replacing the air in the furnace cavity by 
hows resulting data on 
different fur 


oxygen and by nitrogen Fig. 9 
coal concentration for the 
nace atmospheres with —200-mesh Pittsburgh Seam coal 
at 1000 C Fig. 10 shows similar data with the same coal 
furnace temperature with air as the furnace 
but with oxygen enrichment in the primary 


inition time vs 


ind and 
atmosphere, 
stream of coal and ai Oxygen enrichment in the pri 
mary coal and air stream accelerated ignition, while en 
richment of the furnace atmosphere had little effect e 
cept at low coal concentrations Chis was interpreted 
as evidence for little mixing of furnace atmosphere with 
The transfer ol 


thermal energy by mixing was correspondingly 


jet of coal and air prior to ignition 


mall a: 


compared with transfer by radiation 


Test Data Interpretation 
of these observation 


an analysis of the 


Interpretation experimental 
energy transiet 
Nusselt (4) and 
of the 


to ignition. It 


requires processes in 


volved in ignition of the coal lraustel 
theoretical estimates rate of rise 


prior 


10) have made 


ol temperature ol coal part les 


was assumed that heat was transferred to the coal by ra 


numbered reference 
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Fig. 7—Ignition time against coal concentration for a 100 to 


200 mesh Pittsburgh Sear coal 


diation and lost from coal to the immediately surrounding 


itmosphere by conduction rhe relations between 


time and temperature are simple in two stages of the 


process (5,6): first, immediately after the coal suspended 
im cool air enters the heated space, and again alter the 
two heat-transfer processes have reached a quasi-equi 
librium If the coal and air enter at the same tempera 
ture, to, at zero time, 
all directions at the 

perature ol a coal party le, t, 


to the 


and are exposed to radiation from 
temperature, T,, the 
first 


absolute tem 


will rise at according 
relation 

boT! 

) 

cpd 
heat capacity, p is the density, d is the 
© is the 
parti le 


where c is the 
diameter of the coal particle, time, and o 1s the 
tant As the 
heat is lost to the surrounding atmosphere and the rate 


falls off The heat 


quasi equilibrium after a period of time, 0,, 


radiation con temperature rise 


ol rise modes of transfer reach a 
given by the 


relation 


ced N 
ik N+ 1 


where k is the thermal conductivity of the atmospher« 
and N is the 


quantities ol 


ratio of heat capacities of the associated 
hereafter the 


wccording to the 


itmosphere and coal 


particie temperature continues to rise 


ipproximate relation 


ot) ; 


N + l)cpdf 


Nusselt differed from that of Traustel in that 


i limited 


estimate 
not recognized Un 


last 


immount of excess air wa 


der these conditions, N iunvclsthe relation be 


Comes 


his analysis shows that the rate of rise of temper 
itmos 
found experimentally that 


ised the 


ature is lower if the thermal conductivity of the 


phere is increased It wa 


ignition was retarded when sonic vibrations incre 


60 


60 MICRON 


50 MICRON 


— 





Fig. 8—Ignition time against coal concentration 


rate of thermal conduction into air surrounding the coal 


If Nusselt’s assumptions were correct, the time re 


quired for ignition should be inversely proportional to 


the fourth ibsolute temperature ol the 


rhis hypoth 


power of thi 
source of radiation responsible for ignition 
tested for the data of Fig ) 
effective radiant temperature to be that indicated by the 


esis was Assuming the 
proportionality 
1100 C 


the dashed 


basing the 
900 and 


furnace thermocouple, and 


on the 1000 C curve, curves for wert 


found by calculation to be as indicated by 
\A and DD, respectively If it is assumed that 
the coal received radiant energy through half the total 
ind through the other half 
would fall in the 
that the 


furnace 


curves 


from the furnace 
1500 C, these curves 
BB and CC Phis 
condition of having the walls of the 
ill the 
\ substantial part of the heat transfer for ignition came 
flame 


less, was important 


angle 
flame at 
curves 


solid 
from the 
position of shows 
cit sired 
if hue ved 


supply heat needed for ignition was not 


from the Radiation from the furnace, neverthe 


Jelow a criti il temper iture, which 
itely for 


random 


could be determined approxim each coal, in 


dividual particles ignited at without a definit 

flame 

centration depended in part upon furnace 
part that 


been relatively constant with a changing furnace 


lront The curves of ignition time coal con 
temperature 
ind in upon a flame temperaturs must have 
Ihe rate of heat transfer from the flame ce pends 
flan If 

ilong th 
diameter, a, the total 


parti le 


upon 
the solid angle from the coal particle to the 
coal particle moves with constant velocity, u 
flarne 
transferred to the 


to the 


ixis toward a front with 


iS 1f moves trom al! 


he it, q, 


infinite distances flame front is given by the re 


lation 
q 


where variablk independent ol ingle factors have beet 


included in the constant of proportionality, « Phi 


particlh 


! 


temperature ol 


expression is valid within the range in which the 


temperature is low as compared with thi 


source 3 that 


he total heat transfer to the p 


the radiant back-radiation can be 


neglected irticle rematt 


is d iT) 


constant provided the flame size is incre 
tion to the 


propor 


ipproach velocity \s the portion of the heat 
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Fig. 9—Ignition time in various furnace atmospheres, minus 
200 mesh Pittsburgh Seam coal, 100 C furnace temperature. 


tion from the 
not 
conditions 


condu particle to the 


ind 
only on local 


transferred by 
ivailable for ignition, 1s 


he nee 


surrounding air 


dependent and not on the 


flame size tablishes a simuilitude 
In the 


diameter 


Equ ition » ¢ 


present work the flame was about .-inch in 
ind the approach 


the basis of Equation 5, 


order 
this 


velocity was on the 


second (on 


ol 2 teet 1 
would correspond to a velocity of 96 feet per second for a 


per 


flame 6 inches in diameter 


With possibly half the heat 
supplied by the furnace rather than by the small flame, 
the velocity for the 6-in. flame would be on the order of 
hia 


there 


1) feet per second estimate is in accord with in 


dustrial practice, but are no published data that 


permit a sound comparison \ set of curves showing 
flame velocity a 
ind the 


DeGrey (2 


netion of the ratio of coal to air 


proximate at is of the coal was prepared by 
been reproduced (1,3) at times with 
Phe 


with rock dusting as a 


ind ha 
apparently 


transformed coordinat curves were 


based on experience means for 


controlling coal dust explosions in mines and upon ex 


ind associates (7-9) with coal 


periments by Taffanel 


dust flames in a refractory-lined conical tube rhe ex 


data were not sufficient to establish quantita 
Nevertheless, 


volatile 


perimental 


with proximate analyses 


pre ent l lor 


tive relations 


DeGrey coals of various 
Che curves showed maximum 
1) to 


present 


matter and ash co 


flame velocities a ispersions ranging from about 


60 cu ft of air per lb coal 


s from the 
entirely on the 


of the 
do not 


Curve 
lean side maxima 
they 


elocities, nearly 


investigation li 
DeGre 


the high ratio of flar 


shown by Furthermore, indicate 
3 to |, for u coal 
volatile 
1 the earlier curves 

volatile 


flame 


of 30 per cent compared with 15 per cent matter 
content, that wa 


I he 


the earlier 


Strong infiuen y! matter content in 
velocities was probably 


gal 


moving 


esti 


based upon exp nee with explosions in mine 


leries, where con ion of energy in the 


flame combustion 


of volatile 


front depends more upon rapid 


matter slower and probably 


Phe 


furnace 


upon 


incomplete combt f fixed carbon 
that a 
tablish a 


content, 


pres nt 


investigation indi higher tem 


with the coal 
that the 


upon 


needed ( 


flame 
but 


perature 1S 


of lower flame 
volatile 


primary air is a 


volatile 1! tter 


elocity is not irkedly dependent 


matter content itation oft com 
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CONCENTRATION (L8./CU. FT.) « 10° 


Mw) oxygen 


Fig. 10—Effect of oxygen enrichment in coal stream on 
ignition time, minus 200 mesh Pittsburgh Seam coal, 1000 
C furnace temperature. 


monly practiced means for getting good ignition with 


coals of lower volatile matter content. According to 


rraustel’s analysis of the heat-transfer system, the ium 
provements result, at least in part, trom the reduced 
thermal load resulting from the restricted amount of ar 
associated with the coal prior to the point of ignition 
It may also result, as is inherently recognized in Traus 
Nusselt's analyses, from an increased 


\ study of the ignition 


tel's as well as 
radiant intensity of the flame 
a pressured atmosphere (5 
convective the ‘‘time 
rather than the form of the 


equations [or the heat-transfer system from the coal to 


of individual particles in 
that 
dependent 


showed heat transfer and 


‘steady-state 


the surrounding atmosphere, must be considered \ 
hindering effect of pressure was observed which was not 
readily overcome by oxygen enrichment It could be 
explained on the basis of the idea that, within the short 
time prior to ignition, the thermal or the convective wave 
advanced only into a limited portion of the atmosphere 
coal Ii 
rraustel for the heat capacity of 


associated with the such a limitation exists, 


the limitation given by 
the entire amount of associated atmosphere would seem 
of secondary mnportance 

Nusselt and Traustel may be 


questioned on theoretical grounds, the importance of the 


Though the analyses of 


effects with which they deal has been substantiated ex 
perimentally by the above reported work 
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American Power Conference 
Program 


HE seventeenth annual meeting of 


the American Power Conference will 
be held on March 30, 31 and April | at 
the Sherman Hotel in Chicago. A pro 
gram of interest to those engaged in al 
most every activity relatmy to the gen 
eration, transmission, distribution or 
utilization of power will be presented 
The Conference i ponsored by the 
Ilinot Technology im « 
operation with fourteen leading universi 


Institute of 


ties and ten national and regional soci 
ties throughout the United State 
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Research and De elopment by H. D 
Emmert Assistant Chief Engineer 
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Phe Laborator is an Engineering 
Tool in Steam Turbine Research and 
Development by I K 
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Fischer 
Manager Development 
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Research and Development in the 
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Public Utility Plant by J. A. Wallace 
Assistant General Production Manager 
and L. W. Whit 
Iowa Electric Light and Power Com 


pany, Cedar Rapids, lowa 


Chemical Engineer 


Demineralization of Boiler Feed 
Makeup for Paper Mill . Fe 
Judge, Power Coordinator and Division 
Power Engineer and C. L. Davis, Jr 
Chemical Engineer, International P 
Company, Mobile, Ala 

lreatment of Makeup Water With a 
Plant b 
Engineer, Cen 
Corpus 


per 


Four-Bed Demmeralizins 
W. M. Mayer, Result 
tral Power and Light Compan) 
Christi, Tex 

rreatment of Makeup Water with 
Automatic Mixed-Bed Demuneralizer 
for the Pennsylvania Electric Com 
pan by J. H. Brendlen, Engimeerims 
Department Gilbert Associate Inc 
teading, Pa., V. J. Calise, Vice Presi 
dent, Graver Water Conditioning Com 
pany, New York, N. Y., and S. F. Bor 
gel, Mechanical Engineer, Pennsylvania 


Electric Compan Johnstown, Pa 


9-00 m,.-12:00 


1 pplication 
The Impact of Air Conditioning on 
the Electric Util Industry b 
Fischer Black dit« id Publishes 
Electrical World, New York, N. ¥ 
Principles of Automatic Control 
John Diebold, Management Con 
ultant, John Diebold and A 
Inc. and Editor and Associate Publi 
1 utomatty Control Vagazine 
ork, N. ¥ 


The Importance of Complete Co 


ociate 


operation of Hea Equipment Manu 


facturers with U tilits 
ley Lirector of Industrial 
Chalmer Manufacturing 


Milwaukee Wis 


Company 


10°30 a.m.—12:00 
Equipment 


Use of Magnetic Amplifiers in Exc 


March 19955—C OMBUSTION 





Industry 
Electric Cor 


tation Control,’’ b 
Engineer, Westinghouse 
poration, East Pittsburgh, Pa 

The Philosophy of Modern Genera 
tor Voltage Regulator by H. W 
Gavek, A. S. Rubmstem, and M 
shok, General Electric Company, Sche 
nectady, N. ¥ 

New Excitation System Without 
Commutators,"’ by W. L. Ringland and 
H. W. Cory, Allis-Chalmers Manufac 
turing Company, Milwaukee, Wis 


Temo 


12:15 p.m. American Power Conference 


Luncheon S ponsore the 
Institute of Electrical 


| merican 
wmeers 
Speaker: C. H. Linder, Vice Presi 
dent, General Electric Company, Sche 
nectady, N. Y 
2:00-5:00 p.m entral Station Power 
Plants 
Central Station Design for Overall 
Chief 


isco perTVvices 


Economy by Paul Gourdon 
Mechanical Engineer, | 
Inc., New York, N. ¥ 
Dynamic Behavior of Power Plant 
Stacks Under Wind Loadi by Clem 
G. Merriman, Civil Engineer and Sacid 
Ozker, Assistant D1 
Mechanics Division 
and Research Department 
Edison Comy Detroit 


Supervisor 
Engineering Lab 
oratory 
Detroit 
Mich 

Foundation Probles in Power 
Plant Design and Construction,”’ W. S 
Housel, Department of Civil Engineer 
ing, University of Michi Ann Arbor 


Mich 


2:00-5 -00 p.m 
Probable Trend 
Rate by Ford K 
Bureau of Coal Kk 
Coal Association, \ hington, D. C 
Substi 


Freight 
Lurector 


National 


Research im N iy yas 
tutes by Elmore Pettyjohn, Vice 
Ihinos te of Tech 
nology and Direct titute of Gas 


Chica 


President 


Pechnolog' 

Research in the ¢ 
H. J. Rose, Vice Pre 
of Research, Bitum: 
Inc., Pittsburgh, Pa 

Research in the Petroleum Indus 
try by J. K. Robert eneral Man 
aver, Research and De pment, Stand 


ndustry,”’ by 
und Director 
| Re search 


urd Oil Compan It i Che ivo 


200-3 -30 pw bments in Small 
Gas Turbine 
Research and Ls en lt an 
Experimental Rotar Regenerator for 
Automotive Ga Durbin W. W 
Chao, Engineering taf Ford Motor 
Dearborn, M 
3 in Automotive Pur 
bine 5. D. Hage, Chief P1 ct Engi 


nee! { Purbine Dept. Boeing Air 


plane Co., Seattle, Wasl 


; 


2:00-3:30 bw 
I 


Distribution Tre 


tribution 
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These important fuel- 
saving, maintenance-reducing features are 
ebtainable with Enco boiler baffles — and 
only with Enco boffles. 


Streamlined gas flow 

Uniform gas flow 

Elimination of bottle necks 

Reduced draft losses 

Higher heat transfer 

Cleaner heating surfaces 

Less use of soot blower 

Special provision for expansion 

Easy tube replacement 

Adaptable to any water-tube boiler, 
fired by any fuel 


Each application is designed on the basis of 
more than a quarter century of experience in 
this specialized branch of power engineering. 
Installations are made by skilled mechanics. 





























THE ENGINEER CO. 


75 West St 


\ENnco) New York 6, N.Y. 


by L. M 
Electrical World, New 


Olmsted, Associate 


York, 


cence,”’ 
Editor 
“Voltage Divider Method of Capaci 
tor Switching by Harold C. Stone, 
Product Engineer, Capacitor Section, 
Line Material Company, Milwaukee, 
Wis 
3:30-5:00 p.m 
I] 
Distribution System to Meet Rap 
idly Growing Residential Loads by 
H. H 
Construction Materials Division, Gen 
eral Electric Company, Bridgeport, 
Conn. 
“Distribution Systems to Meet In 
Loads by H. E 
Westing 


Electrical Distribution 


Watson, Commercial Engineer, 


creased Domestic 
Lokay, Industry 
house Electric Corporation, East Pitts 
burgh, Pa 


Engineer, 


3:30-5:00 p.m. Automatic Generating 

Equipment for Utilities 

Mobile Electric Automatic Generat 
ing Equipment for Utilities,” by B. H 
Hefner, Chief Electrical Engineer, K. O 
Bower, A, C. Engineer, and E. A. Arm 
strong, Consultant, Electro-Motive D1 
vision, General Motors Corporation, La 
Grange, Ill, 

Starting Characteristics of Isolated 
Large Diesel Generators with Initial A 
C Load,” by A. Hoffman, Westinghouse 


Electric Corporation, Pittsburgh, Pa., 





DRYING AND 
COMBUSTION 
SPECIALIST 


Unusual opportunity. Large well 
known manufacturer operating over 
40 plants has opening for graduate 
engineer with specialized experi 
ence in drying and process combus 
tion engineering. Administrative 
position on staff of Vice President of 
Manufacturing. Proven experience 
necessary in direct heat and drying 
applications and industrial and proc 
ess combustion. Must be familiar 
with most types of fuel and combus- 
tion instrumentation. Chicago head 
quarters. Position will require some 
. travel to company plants to instruct 

in combustion efficiency and tech- 

niques. In reply, state age, educa 
tion, experience, and salary require- 
ment. 


Write Combustion Publishing Co., 
Inc., Box 300, 200 Madison Avenue, 
New York 16, N. Y. 














Leo Brinson, Nor ' VManulacturin 
Company und R. W 
Flugum, Consultis id Application 


Engineer, W nyvh ctric Corp 


Milwaukee 


Milw iukes 


rida 1 pri 
Voon (sd 
Plants 
Combmed 

bine Power 

Hafner, Man 

Marketing 

ision, and W 

Power Generation nyineeri Indu 


trial Engineering, General Elee 


tric Compan | tad N. ¥ 
HOO tlor haft (sa 
Purbine Pe 
and DD. F. Bruce 
in Westinghor 
delphia, Pa 
Appheation of 
clear Power Plant 
Manager, and Bb 
Power Equipme: 
Section (,eneral 


henectad 


9 00-10-30 an 
central Station Pla 


( oolimy low Dhes 
Prospects L Plant ite 
Gausmann, Power oduction 
Indianapolis Pov 


pan Indianapoli 


MASTER 
STANDARD 
RED LINE 


A 
CLEAR 
Up to 500 Ibs. 


MASTER 

CLEAR & RED LINE 
EXTRA STRONG 
Up to 600 Ibs. 


And Outside Diameters %", 4", %”", 


%", Me, 1”, 1%", 1%”, 
High Pressure Composition 


ERNST RUBBER GASKETS 


All sizes to fit your gages and valves 


FIG. 21-—Lip Mold FIG. 22 Standard 


ERNST WATER COLUMN & GAGE CO. 


Send for Catalog LIVINGSTON, WN. J. 
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Make your own 


VITRALLOY 
mid -year 
CHANGE-OVER 
TEST 


when you — 


ju 2 


\9o? 


paler s 
or 
Rem pis su 


ROINARY 
STtit TueEs 

When you re-tube pre 
heaters this summer make 
your own convincing test of 
Barrow’s VITRALLOY. In- 
Stall a representative sec 
tion of these clogging and 
corrosion free tubes 
side-by-side with the ordi- 
nary steel tubes you usually 
use. Then compare opera- 
tional performance 
watch just a plain water 
wash down keep VITRAL- 
LOY free and clear see 
how they outlast ordinary 
steel tubes (of same wall 
thickness and installed at 
same time). VITRALLOY 
Tubes (boro-silicate com- 
pound fused to base metal) 
resist corrosion nip the 
vicious cycle of clogging 
and more corrosion before 
it starts. VITRALLOY also 
permits saving and re-use 
of more degrees of heat 
from flue-gas 





BARROWS 
VITRALLOY 
PREHEATER 
TUBES 


w TO MAKE YOUR 


HO 
yiraatoy TEST 


Get set by ordering your change 
over tubes now or if you preter 
to first look at a “desk size” 6 
length of VITRALLOY Preheater 
Tube, drop us a line. For each of 
your units, be sure and let us know 
the number, length and diameter 
of tubes also sulphur percent 
age of your fuel 


Special discount on test 
orders received before 
Merch 31, 1955 


BARROWS PORCELAIN ENAMEL CO 


AN nF AND PLNN 2 8 WCINNAT 


r the Power 
by Frank |]. Lockhart, Mana 
ver of Product De elopment and Jack 
M. Whitesell, Chief Products Develo; 
ment Engimeer, and A. C. Catland, |r 
Senior Contract Admimistration Engi 
The Fluor Corporation, Ltd., Le 


er lechnol 
ntralized Control of Boiler and 
iter Chem Treatment of the 
Plant ! Russell ¢ 
Al tendent ind Jack 
Korenthal, Laborator 
le Steam Plant, Department of Wa 
ind Power, Los Angeles, Calif 
Application and Treatment o 
for Heat Pump $ 1 
Millsom, Vice Presider 


tri Jackson, Mic] 


Technician, \ 


9 OO-10: 30 

Planning I 

Overall Planning of Systems for the 
Long Range Future by H. L. Melvn 
Chief Consultn Engineer Ebasce 
Services, Inc., New York, N. ¥ 

Location of Future Generation 
Economic Analyst by G. P. Wilson 
Manager of Power Production, Ilmoi 


Power Company, Decatur, Ill 


10:30 a.m.-12:00 
tem Planning Il] 

Area Studies and the Predictium 
Load Growth,” by E. L. Kanouse, A 
sistant Engineer of Construction and 
Design, and J]. W. Reinhard, Electrical 
Engineering Associate 
Water and Power, Los Angeles, Calif 

Possibilitie for Greater Regional 


Department of 


Coordination of Power Systems m the 
United States’ by Francis L. Adan 
Chief, Bureau of Power, Federal Power 
Commission, Washington, D. C 


10:30 a.m.-12:-00 Noon Water Tec 
nology III 
Conditions Where Sticking of High 
Pressure Steam Valves May Occur,” b: 
C. L. Mead, Design Engineer, General 
Schenectady, N. \ 
Characteristics b 


Electric Compan 
Blue Blush 

F. G. Straub, Research Professor 

Chemical Engmeerin, Universit 


Mlmot Urbana, II 


12-00 


Steam Crenerator 


10:30 am 


Air Preheater for Small 
Plant by W. |! Hammond, Chief 
Engineer, and C. I 
Consultant, Air Preheater Corporati 
Wellsville, N. ¥ 


Standard team 


Brown, Technical 


Generator It 
fluence of Design Changes on Cx b 
Engineer, Fostet 


New York, N. \ 


ID. ¢ ino, Design 
Wheeler Corporation 
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Calif 
Part 
Prentice 
cd and 
ineeT 


nectad 


Power Fr 
John W. Land: 
Energy Divi 
Wilcox Com; 


) (0-3 :30 ¢ 
Sponsored by J 
tee on Boiler Fi é 

Filming Amune (se and Misuse 1 

Power Plant Water-St cl b 

I. F. Wilke Director Research and 

Product Development Denmat 

Directing Chemist 

Chr iye 


Chemical 
Compan Obrecht 
Department of ¢ 
and Water lreatmet onsultant 
l Lansing 


mee;riny 


Michigar State 

Mi h 
Experience Amines for 
} | {; 

Department 


idelphia, Pa 


Improving Heat 
Weidmat [1 
W. H. & L. D 


2:00-5 00 pm Comt ind 

vork Analyzer 

Application and Design of Penalty 
Factor Computer Imburgia 
and G. W tags American Gas and 
Electric Service Corporation, New York 
N. Y., and K. R. Geiser and L. K 
Kirchmayer, General Electric Compan 
Schenectad N. ¥ 
Operatin Experience with the 
World's First Incremental Cost Com 
puter for Delivered Pow by E. D 
Early, Southern Service Birmimns 
ham, Ala 

Analyzer Feat Made Possible b 
Zero-Lo React EK. W. Ather 
ton, I-T-E Cuircuit ! Company 
Philadelphia, Pa 

‘Operatio t msideration 
. 60-4 le Nete \nalvzer bi 


Summary if et t Anal in 
Operation in tl t s and 
Canada Ilinoi 


Institute of cl | } ago 
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Sure way to double check 
vital boiler water levels — 


install Reliance EY E- HYE 


Remote Reading Gage 


It’s fine to have automatic controls, but 
be sure you have the important safe- 
guards against possible failure — ade- 


quate maintenance and cross-checks, 


EYE-HYE is your reliable cross-check 
for boiler water levels. A manometric- 
type remote reading gage, it keeps op- 
erators informed on water level status. 
Easier to read than conventional gages, 
although it’s the same familiar form — 
a vertical column of liquid. EY E-HYE’s 
indicating fluid is a pleasing green that 
“pops out”, brightly illuminated from 


the rear. 


You can place EYE-HYE any reason- 
able distance from the drum above 
or below it, on wall or instrument pan- 
el. Easy to install and maintain — no 
mechanical working parts — no ad- 
justments on location. Write for Bul- 
letin CO and learn how EYE-HYE 
can increase the efficiency of all your 


water levels. 


How one user checks water 
levels in surge tank and feed 
water heater with long type 
EYE-HYEs. (Pace plate can be 
calibrated at factory.) 


The Reliance Gauge Column Company 


5902 Carnegie Avenue ¢ 


Cleveland 3, Ohio 


Reliance EYE-HYE 


Remote Reading Gage 


All-hydrostatic+ Reeds like 


0 ” 9e9 





rt the #. UY. Heinz Chambersburg Plant... 






& [AUTOMATIC VALVES 
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A 
LONG ARM 
FROM THE 

BOILER ROOM 
STOCKPILES 
AND 
RECLAIMS 
COAL 





This labor saving coal storage Installation allows a fireman at H. J. Heinz’s Chambersburg plant to stock 


out or reclaim coal without leaving the boiler room. 


With a Sauerman roller-bearing hoist 
located directly beneath him, he con 
trols the operation from the hoist house 
by means of reach rods connected by 
levers to the load and backhau! drums 
The scraper is shifted by moving a tail 
block to another ring on the bridle cable 

When stockpiling, coal is built pro 
gressively outward from the initial pile 
which inclined con 
veyor bucket 
automatically the coal to pre 
vent voids which 
pockets or flues 


is created by an 
The Crescent S 
layers-in 

form dangerous air 
This compact piling 


raper 


Write for Catalog D, COAL STORAGE SCRAPERS, 38 pages of job photos and 


detailed information. 


means good protection against spon 
taneous combustion 

Sauerman scraper storage is economi 
cal storage. Maintenance costs are low 
You eliminate the power cost involved 
in moving heavy machinery around the 
storage area Only the steel plate 
bucket and wire rope contact the coal 
One employee, available at all times to 
perform other duties, controls the 
Sauerman machine 
from a safe location 
overlooking the 
stockpile 


BROS. INC. 





6286 S. 28TH AVE. 


On thousands of boiler drums, superheater out- 
lets, reheater inlets and reheater outlets, Foster 
Type 38-SV Super-Jet Safety Valves are being 


used for the unprecedented factor of safety 


they offer in today’s elevated operating 


sures and temperatures. Designed for 3000 psi, 


several Super-Jets are now in service at pres- 


sures as high as 2700 psi and 1100F. 


There are also many Super-Jets set to pop at 
pressures ranging down to as low as 8 psi in tur- 


bine relief service and reducing valve stations. 


Regardless of operating pressures or tempera- 


tures the Foster 38-SV Super-Jet Safety Valve 


BELLWOOD, ILLINOIS 


pres- 





guarantees you a positive factor of safety in 


protection of life, limb and property 


overpressure. 


from 


FOSTER ENGINEERING COMPANY 


635 LEHIGH AVENUE 


UNION, N. J. 





FLOW TUBES 


: 





Electrical Engineers 
Convene In New York 


R’ TER than 4000 engineers from 
ill over the country attended the 


Winter General Meeting of the Ameri 


can Institute of Electrical Engineer 
i! ew York Cit january 31—Febru 
il } I 

M. D. Hooven, Public Service Ele: 
tric and Gas Co. of N. J., was nom 
inated as the 1955-1956 president a 
cording to the announcement by N. S 
Hibshman Institute secretary Vice 
president nominated wert Cullen 
lr. Pearce, Westinghouse Electric Corps 


William | 


bama, | 


Miller, University of Ala 
in R Mountain State 
and Telegraph Co 


Jome 


Pelephone Bradle 


Cozzens, Water and Power Dept., Cit 
of Los Angeles, and Bristow G. Ballard 
National Research Council of Canada 


Directors nominated Julian D 
Pebo Pelephone 
Paul G. Wallace, Texa 
Co. and John C. Wood 

Edison Co. Walter ] 
Bell Telephone Co wa 


is tre 


were 
Laboratori 
Power & Light 
Commonwealth 
Jarrett, N. | 
renominated 


isurer lor om ear 


John Frits Medal 

\ ( Monteith Vice president 
Westinghouse Electric Corp., and presi 
dent of the AIEE, presented the 1954 
John Fritz Medal to H. A. Winne, re 
tired we pre ident of General Flectri 
Co for services to his country in war 
ind peace through his distinguished 
leadership in the electrical industry 

Chester Lang, G. E. vice president 
reviewed Mr. Winn career of nearly 
bo year is a General Electric engineer 


During the war Mr 


i prominent part in the 


ind execullve 
Winne 


deve lopme nt ot 


played 


itomic ener: ind ilter 


the war he was chairman of the G. | 


three-man Nuclear [ners Project 
Committee In addition Mr. Winne 
has had thirteen patents to his credit 
In his reply at the presentation M1 
Winne ud im part First, indust 
overnment and educational institu 
tions must tr » utilize the full abilit 
1 ever techni ill ir ined perso! 
that he develops the maximum output of 
which he ! ca] ible econd ind 
perhaps more important, we must de 


veloy more ind more « mpetent teach 
er We must attract able peopl to 
the teaching profession by making it 
more rewarding than it is today, par 
ticularly financially, and especially in 
the secondar ind elementary school 
Varied Program 

Scientific and technical advances are 
creating a great need for a new type ol 
engineer, according to the paper by 
Gordon S. Brown, head of the Electrical 
Engineering Department of Massa 


Te hnolog \ e! 
Electrical 


Institute of 


Educ 


chusetts 


titled iting Eng 
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2 
eers t | cK i result 
LIT has « rked engineer 
g progra lesig ne tudent 
with the te 1 1 pro 
essional i tha it su 
tamed creative de icked u 
by i det £ < ré p 
ilit 
Profe r Br that 
llege curt ‘ ‘ ted the 
held of | wer ¢ et erTsio! 
i mecha ] i ener 
into electricit und wed their 
pparatus im this held t ecome old 
ind in compari ! \ trom ind 
communicatio ! t inflexible 
ind lacking il ‘ ‘ I ( iltivation 
tudent resourcet Complex 
processes of ener mtrol 
and utilizati that nyineering 


kill of the highest order are becomin 
unerou 


We alread ear fission 
lid-state ener I uch i 
the lar ‘ viati 
h-te erature hemical 
the ind ! The 
coupled es in ma 
etn Lie tr nductor 
material er t new 
id-state ‘ ( ind = the 
held ane reate a ed Tra me 
T 4 ‘ it | 
But a e! is beer 
presented t | ent failed to 
ittract ulliment 1 er vith ulh 
ment! high intelle ilit ind 
creative breadth t eet the need 
On nearly ever i VOT ¢ meer 
in ha ‘ nie the t it both 
linanciall ind é Vy con 
trast with the eld port the 
ission.§ it roce ind mit ww 
rinats« \ il i decisive re 
ersal of t eded 
ew eles I lf ert ! re 
FOmiise r the isi n 
esizer ht ampli 
her and a la ( rder for 
elevision and t were ce 
cribed by Bri (,ener 1) ] irnotn 
of the Radio Cor rat ! America 
in hy ill Ne Deve ment in 
Electron 
Phe Musi I ec! in elec 
tron le eneratit 
any tone produced e human voie 
r an musical instrume t i VA ¢ 1] 
iny musical t ( ‘ 1 md the 
ipabilits fa ( t nventional 


musical instrument 


This electroni ‘ ilso offer 
new opportunitic t roduction of 
phonograph record ince it can pro 
duce il kind of nd that can he 
imagined | th new 
tem, old record il e rejuvenated 
into new phonogral ré rds free irom 
distortion and nots 

An electronx il nditioner, de 
igned without ar parts, mo 
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let us screen 
out your 


BTU WASTE! 





The coal sizing screen you see 


above is only one of the many 
screens at each of our Enos and 
Enoco tipples. These screens are 
important to you for they elimi 


nate unnecessary Btu waste 

No coal can give you 100% 
efficiency. But with a properly and 
uniformly sized coal you'll utilize 
a higher percentage of Btu con- 
tent. This more efficient com- 
bustion means lower steam costs 
for you. 

At our Enos and Enoco Mines, 
washing, sizing, surge bins and 
size blending are all coordinated 
to give you a coal tailored to your 
particular stoker requirements 
We guarantee that each shipment 
will be of the same uniform size- 
consist and high quality. We claim 
that with exactly sized Enos and 
Enoco coals you'll reduce Btu 
waste for lower fuel costs. 

Why not give us a call today? 
Let us prove that superior prepa- 
ration of quality Enos coals gives 
you lower steam costs AA 


Bee, 
ng % 


Place a trial order 


pe Be 


wt, 
%e, 
e 
4aase® 


Make a test comparison 





4, x 
4 . 
‘ton oF 


THE ENOS COAL MINING COMPANY 


Sales Office es for Enos and Enoco Coala 


1405 Merchants Bank Bidg. - Indianapolis 4, Indiana 
310 South Michigan Avenue Chicago 4, IMinois 





rs or compressors, 1s on the way and 
is being made in 
In effect, it is an 


beheved 


encouraging progres 
RCA Laboratories 
system 


all-electronic cooling 


to be the first refrigerator to achieve 
practical storage and freezing tempera 
ture entirely b electronic mean 
although the 
operat 
physicist, Jean Charl 


Peltier observed that 


principle upon which it 
was discovered by the French 
Peltier, more than 
{} yeurs “ant 
current through 


pussage ol an electri 


the junction of two dissimilar materials 
produces a cooling or heating effect in 


the region of the junction, dependins 


upon the direction of the current 
Tha o called Peltier ellect ha 
long been a scientific curosit chiefly 


] 


because of the lack ‘ ipable 


of material 
temperature ufficient]) 
| 


low for practical use in cooling or re 


of producing 


frigeration Unlike Peltier, Lord Kel 
vin and others who studied this eflect 
the RCA crentist were able to ap 


proach the task with new knowledge 


provided by recent tuds in sold 
tate phys 
In till 


entist and engimeet have 


iother new field RCA 
made 
ubstantial progre in the development 
of an electronic lhght unplitier An ex 
perimental design ha alread wivel 
light amplification in ratios of more than 
to |} When that ratio reache 0 
to 1, a practical amplifier of light wall 
be at hand, and a significant advance in 
the science of ilumination for lightin 
and for television picture reproduction 


will have been made 


Turbine Generator 


\ number of papers were presented 
on different phases ol turbine genera 
tor operation and maintenance (one 


Proposed (juide for Maintenance ol 


Purbine Generator by J. W. Jones, 
Philadelphia Ele« Co wa i con 
ference paper pre ented to draw 
comment and discussion of — the 


proposed section on maintenance b 
the AIEEE Committee 
Machiner 


ubcommuttes for 


Rotating 
ncehronou lachiner 
inclusion im a 
guide they are prepari The paper 
listed several general consideration 
on turbine yenerator mamtenanece 
and then offerew specific points appl 
ing to particular parts and processe 
under their own heading 

4 second Philadelphia Electric Co 
iuthor, E. I. Gallagher, presented a 
paper Purbine Generator Operation 
and Maintenance Practice of Philadel 


FLOW INDICATORS 


All sizes up to 6 
SEND FOR CATALOG 


ERNST 
Woter Column & Gage Co. 


Thal, ©) 31*.. a. 
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phia Electric Co his paper showed 


the practice pical large power 


tem and me ol a group of paper 


i 
requested b the Committee or 


Rotating Machiner »ynchronou 
Machiner Subcommittee in con 
nection with their work in preparing 
the proposed AIEEE guide referred t 
wove entitled Operation and Mainte 
nee of Turbine 
Phe author mmpan tem in 
clude even m and one hvydr 


generating statior with a total in 


~ am 
talled capacit if $6) W The 
PUMPS company is a member of the Pa.-N. ] 
Interconnection which operate in 


talled « ipacit ol «.ob-™mWw Il he 


loft Gud... team is distributed among thirty-tw 
unit ranging i 176 or l4-mw t 
Provide Constant $2-mw. Seven of these generator 


ceed OU-mw capacit (,enerator 


Power Generation Traffic! tages are all at 13,900 volts except 


iddition which 1 1 OOK 





Electric power generation and ry 
i¢ 


transmission are geared to = ali rs 
continuous, indefinite operation. A nolan : s ateninn 
nchnrono ct I 0 yt l A 
vital link in keeping this electrical h and approxis , iaiteer ial 
oe eacn n ipprox tel ) I i I 


energy on the GO is Pacific boiler nit date: acide on tin ieee 
feed pump installations both hjistads Tce te ceiinhd, 
operating and standby. For more than two decades, Pacific has an the Giitwele eaters af the te 
built feed pumps for this exacting service in central stations and quency converters which supply the 
industrial power plants on four continents. vaihere a strestcer inad Che 
Sizes installed range from the midgets of less than 50,000 Ibs. tem power factor varies from 84 
per hour to the giants having a capacity of 1,000,000 Ibs. per cent at heavy load periods to 9 
per hour. The operating discharge pressures range from 200 to per cent during light load period 
2500 psig. More than 50 units are operating at discharge iit ‘einlien ote Qanilied die ot Beam 
I 5 oaded oO a mk 
» “a ¢ » 9 
pressures above 2000 psig. eeaaihal aaa Catal or Sap eeneaaa OF 





onl those unit re quired lor genera 
tion and local area or interconnection 
€ are in service \ll other unit 
ire taken off the lin load conditions 
permit \ t ibout nine 
machines go on th n ery morning 
Some units may go on twice a day for 
hort period over the pe ik Other 
have a twenty-four hour demand 
come off only when necessar 
unit operated continuously for 
ix months and came off at the manu 
facturer’s recommendation to test the 
overspeed try mechanism 
Reactive load 1 idjusted mm the 
venerator converter ind nehr 
nous condensers to attain the best 
cor.dition (Generator 
To insure GO in your central station or industrial power operated with leading 
plant, specify boiler feed pumps by Pacific Pumps, Inc possible the reactive 
For more information, write for Bulletin 109 sf ; ie ae P adie 
imites ) the name] 


field or armature current 


PACIFIC Sa un 


Gy 6 SY4A Normally, the maxit 
MEAMON , Shiu a HUNTINGTON PARK, CALIFORNIA determined by the fi 
PU M Ps Export Office: Chanin Bldg., 122 E. 42nd St., New York current. Maximum 
Offices in All Principal Cities run up to 9U © on 
full load Howe 
most generators 1 


I he ster operated 
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-kvy bus voltage schedules for 


Lhe irious locatior lhe generators 


carry the required e to main 
tain the scheduled ltage and 
the nece iT reactive lt iccom ac age 


plishing this the generator terminal 


tection 
‘ power 
rotection 


WING PACKAGE 
O@arT mwouUCcER 


rimaril n le eld the pro 
cedure 1s to trip t mediatel 
installed 


























DAMPER ON BY-PASS 
FOR NATURAL DRAFT 
AT UGHT LOADS 

limiting 


the unit 


OAV RA WW 


the turbine condi f [he genera 
) WING PACKAGE POWER PLANT DRAFT INDUCER of WELCH GRAPE JUICE 
the lin ' ided at a COMPANY'S PLANT AT WESTFIELD, N.Y. SERVES TWO 20,000 Ib./hr. BOILERS 
‘ - NOTE (A) INDIVIDUAL CONNECTION FROM EACH BOILER (8) BY-PASS WITH 
: cent per DAMPER CONTROLLED FROM BOILER ROOM, PERMITTING NATURAL DRAFT 

\iter AT LOW LOADS (C) RELATIVE LIGHT WEIGHT AND COMPACT PACKAGE 
DESIGN PERMITS SUPPORT ENTIRELY ON COMMON BREECHING. 


nerally unit 





perating 








rate 

S The WING Package DRAFT INDUCER is unique in that the motor 
(or turbine) and fan is designed as one complete removable unit, 
making installation easier and being easily removed, facilitates 


inspection and maintenance. Other advantages are: 


f 
I 
j 

ri 
1 


. Big savings in space require- 5. Only two support bearings 
mente 6. Wide flexibility in gas outlets 
. Permits fewer and lighter 5 


. Saves on investment and 
structural supports . 


maintenance 
. Eliminates field line-up 
; : . Low load ratings on natural 
problems 
4. El , ; draft because of ample free 
nates ater cooling 
iminates water cooling yas travel area 


Write for complete details 


L.J. Wing Mfp. Co. 


54 Vreeland Mills Road 
Linden, New Jersey 


UNIT HEATERS BLOWERS DRAFT INDUCERS TURBINES 
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sufhcient hydrogen pressure is main 
tained to carry the estimated load on 
the generator. This procedure reduces 
hydrogen consumption and leakage 
Normally the maximum kva required 
from a generator will not vary much 
from day to day on units capable of 
operating at 15 psig or higher hydro 
gen pressure rhese, being the newer 
and more efficient units, will carr 
full load dail In the event more 
reactive is required, the hydrogen 
pressure can be quickly increased 

\t the present there has been no 
eccasion to operate above 15 psig 


hydrogen pressure except for genera 


tor capabilit tests At ) psig 


Ofliman aecnive j 
h 


drogen leakage ma amount 
250 cu ft per day on large generator 
Hydrogen consumption is watched 
closely and any increase is noticed 
immediately Leakage is checked 
with an explosimeter type detector 
Generator maintenance ma‘ be 
divided into electrical and mechanical 
phase rhe maintenance section 
inspects for physical damage to the 
generator I hie look for loose 
wedges, broken supports, core move 
ment, coil distortion, tape separation 
loose retainer rings, and any other 
visible effect Collector ring ire 
never ground or polished unless the 





giving trouble Nothing is done to 
them on the basis of appearance 
Generator field on closed cooling 
system are not removed at ever 
inspection period 
rhe field winding resistance i 
carefully measured during complete 
inspection Variation from the 
original value are carefully noted and 
an ippreciable change is investi 
gated This ha hown up loose 
; connection in the field lead of 
You can’t weigh coal a ‘ everal machine 
in any scale until you ‘ ’ ' Che station forces megger the 
get it through the inlet. eo armature 
Richardson engineers % month or when possible. No routine 
have concluded that the = hi-voltage tests are made The onl 
only sure way to keep wet, fine “a s : time thi 1 done 1 when there 1 
coal flowing—without shakers or aa “ ‘ ay >» ye par re ote 
vibrators—is to make that inlet BIG ENOUGH. iia tek ck oa aa oe a 7 = 
So they opened up the “wasp waist” to a full 24” x 24”, and difficulty with tap . . eile aan 
around it they built the best coal scale it was possible to they are given a hi-pot annuall 
develop from fifty years’ experience, the Richardson H-39. Absorption tests are made for ten 
If you're interested in maximum coal scale efficiency at minutes during each complete in 
wholly reasonable cost, specify a 24” x 24” minimum, and pection period, in general using for 
know that your coal will flow. That is the starting point from the field 500 v and for the armature 
which the H-39 is soundly engineered in every feature, every 
detail. It’s built as a coal scale should be, from the inside out, cat senate Miches Wee aaa, ed 
with a full 4 square feet of inlet. Get all the details, mechanical pga ‘ ii Bs ahi be 3 ne ae 
specifications, and drawings in Bulletin 0352. equent complet in pections se te ~s 
extended to as much as five year 
RICHARDSON SCALE COMPANY No generator forced outages have 
Clifton, New Jersey been attributed to operating practice 


Atlanta * Boston * Buffalo * Chicago Operation of Turbine-Generator 
Detroit * Houston * Memphis * Minneapolis During Off-Peak High Power-Factor 
New York * Omahe * Philadelphia * Pitts- : ‘ 

burgh * Son Francisco * Wichita * Montreal Periods Practices of One Utility in 
Toronto * Son Juan * Havana * Mexico City 1 Metropolitan Area’’ was presented 


and field at 500 v ever 


1000 and 10.000 volt 


Since internal inspections after the 
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by W. J. Roberts and R. L. Webb, 
Consolidated Edison ( iN. Y 
Before the beginning of World War 
Il, the Consolidated Edison 60-cycle 

stem operated with 


load dis 
tributed mainl m the generating 
tation bus with relativel lov 


; 


ipacily intermediate itage tie 


feeders inter-connecting the major 


tations from north t ith rhe 
largest of the several interstation ties 
was rated about 10-1 i Some 
operated at 13-kv and at 27-k 


-s . 
In general, the load power-factors FOR 


of that time, measured at the generat 


ing station bus, varied from 0.83 to WAN T OF 


0.85 during the da d and dropped 

to 0.78 to O.80 during the early 

morning hours of off-p load opera A rd Al L. eee 
tion hese loads w carried with 
Ser dian Ba ssteleun ror Something that wasn’t there 

the day, to 75 during off-peak once costa king his life. 

operation Capaciti loading con 

isted of the 13-1 nd 27-kv dis For today’s boiler, lack of internal protective surfacing 
tribution feeder cables plus a small is hardly a life or death matter. Yet consulting engi- 
amount of 4-kv distribution feeder neers... insurance underwriters... power plant oper- 
— ators increasingly specify, recommend, and purchase 


Since the beginnings f World W: ° y , ‘ 
ae ae ony Mr Apexior Number 1 for tube and drum coating. Why? 
II, the 60-cyvck tem has experi 


enced a peak load incre e ot 61 per 
Because the yardstick of return on investment proves 


cent with a corresponding increase of “ 
Apexior’s unique service now pays off at the highest 


65 per cent in generating capacity and 
has been equipped with a double cir rate ever... for modern boiler design and operation 
cuit, high-voltage 8-1 tie-feeder today permit a single Apexior application to deliver 

stem between the North and South maximum protection not only for a normally antici- 
ends of the area ed. In addition, pated five years, but for one — three sometimes 
one new gen I ition has been 


built to supp pow into this tie 


even five years more! 
aren aan Repenazss wit 4 And because Apexiorizing is noW a one-coat procedure, 
former material and labor estimates are halved. Pro- 
medium voltage distribution svstems tection that can last twice as long today costs half as 
direct from the 138 ret much ...a trifling pennies-per-square-foot premium 
rhe new 138-1 te cuits are to insure full return on a major capital investment. 
made of pressure-pipe ty] ind oil 
filled cable feeder ese, including Like the legendary nail, boiler protective coating may 
ny older 138-h . et ween seem a factor of small significance yet it can mean 
;- a sen —e | om $.. : the differen e between acceptable performance and the 
best of which the modern boiler is capable. The assur 
ance every inspection vives that tubes and drums are 


plied from the high-voltage circuit 
have been constructed ) suppl 


functioning at new-metal peak efficiency is the measure 
of Apexior’s service in maintaining highest steam pro 
duction reliability and quality a contribution mea 
ured ultimately in profit dollars. 


Internal boiler protection is but one phase of Dampney 
corrosion-control activity. Dampney Coating Systems 


CORRECTION for specified end-use service protect cooling towers 
NOTICE intake water structures pipeline interiors. For 
recommendation to meet your requirements, write 
In the Januar f COM 
BUSTION, the litor sulfur 


Elimination from Fuse did not 


= a 
credit the Institu f Fuels as MAINTENANCE 
the sponsor for tl pecial Study FOR METAL y AMPNEY 
Conference on Ufur held in y 

hes ee marae y 


London last Oct 


HYDE PARK. BOSTON 36, MASSACHUSETTS 
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Fuel savings of 15% have 
resulted from steam plant 
modernization at General 
Mills, inc., Buffalo, N. Y. The 
program included this in 
stallation of Bailey Meter 
Control on a 45,000 Ib per 
hr, 170 psi spreader stoker 


fired boiler 


The heat energy you get from a unit of fuel 
depends on the performance of your steam plant 
equipment. And that’s where Bailey controls can 
help. With a Bailey -engineered control svstem vou 
can count on a higher output of available energy 


per unit of fuel. Here's why 


1. Suitable Equipment 


When you receive equuipine nt recommendations from a 
Bailey bungineer his selections come from a complete 


line of well-engineered and carefully tested products. 


2. Seasoned Engineering Experience 


Your local Bailey L:ngineer brings you seasoned en- 


FORMULA 
for Cutting 
Production Costs 


ign 
Bailey Des . 
+ Bailey Engineerind 
Bailey Servi? 
+ 1 ee 
— Greater Saving® 
"ger Fuel Dollor 


1025 


IVANHOE 





gineering experience based on thousands of success- 
ful installations involving problems in measurement, 


combustion, and automatic control. 


3. Direct Sales-Service — close to you 


For your convenience and to save time and travel 
expense there's a Bailey District Office or Resident 


Engineer in or close to your industrial community. 


For greater fuel savings, less outage and safer work - 
ing conditions, you owe it to vourself to investigate 
Bailey Controls. Ask a Bailey Engineer to arrange a 
visit to a nearby Bailey installation. We're glad to 


stand on our record, A-121-1 






BAILEY. és 


Coutrols for 






ROAD 





WA 












Complete Controls for Steam Plante 
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LOW COST ST OCKPILING 
with EUCLID 
Twin-Power SCRAPERS 





° oa 
Pe — 3 7, 


_ 
Twin-Power 


@ Euclid Twin-Power Scrapers are doing a complete . have him show you how the “‘Euc” 


coal handling job for public utilities and industrial 
concerns... and they are doing a better, more 


efficient job than methods previously used. 

Owners report that compaction of the stockpile 
is increased 10 to |5 Ibs. per cubic foot by the 
heavy rubber-tired scrapers. This practically 
eliminates spontaneous combustion problems and 


provides a well drained stockpile. 


The “Twin” 
compacted, wet or frozen coal. It can work in very 


is completely self-loading in loose, 
close quarters ... carries big loads at speeds up 
to 30 m.p.h. ... extends, 
stockpile. It has proved to be the most economical 


raises or relocates the 


solution to coal stockpiling and reclamation prob- 


lems on many operations. 


Your nearby Euclid distributor will prepare a 


production and cost estimate without obligation 


Scraper provides maximum flexibility with minimum 
investment and operating cost. Write for 
copy of a new descriptive folder, Form 551A. 


EUCLID DIVISION 


GENERAL MOTORS CORPORATION 
Cleve'’and 17, Ohio 


your 


CM 


CENERAL 
MOTORS 


& Euclid Equipment 


MOVING EARTH, ROCK, COAL ND ORE 
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COKE OVEN GAS 
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rhis REPUBLIC 


COMBUSTION 
CONTROL SYSTEM 





4 









Boiler panel at steel mill power plant includes sub- 
panels and instruments for multi-fuel firing system. 
The boiler draft and fuel selection may be controlled 
manually from this panel, if desired. 


Automatically Selects Lowest Cost 
Combination of Three Available Fuels 


Three fuels—blast furnace gas, coke oven 
gas, and fuel oil—are burned by three 
125,000 lb. per hr. steam generating 
boilers at a large midwestern steel plant. 


In addition to maintaining the proper fuel- 
air ratio and holding steam pressure con- 
stant at all loads, a Republic Control System 
automatically makes fuel selections accord- 
ing to the amount of by-product blast 
furnace gas available. At times when this 
low cost gas is plentiful, it is used as the 
primary fuel. The other two fuels are used 
only for make-up when available blast fur- 
nace gas cannot meet all of the fuel demand. 
If the blast furnace gas pressure falls below 
a predetermined minimum, however, flow 


REPUBLIC AUTOMATIC 
COMBUSTION CONTROLS 





%& For all types and sizes of boilers 


*% For all arrangements of draft 


is automatically reduced and one of the 
other two fuels also burned. 


This dual purpose Combustion Control 
System cuts fuel costs two ways: 


(1) Because of efficient combustion, less 
fuel is used for a given steam output. 


(2) As much lowest cost fuel is used 
as possible. 


Control Systems such as this one further 
illustrate how Republic engineers can de- 
sign combustion controls that make the 
most of fuels available. Very likely, 
Republic can show you ways to get more 
power at less cost — automatically. 


* For all types of fuel 


*% For all types of firing 
*% For all load conditions 


REPUBLIC FLOW METERS CQO. 


2240 Diversey Parkway, Chicago 47, Illinois 





March 1955—C OMBUSTION 


















































’ 


hy 
fs 


~ 3 
aa é 
om Fem 

os 


Addressograph-Multigraph saves 29% in 
fuel costs burning coal the modern way 


The Addressograph-Multigraph Corporation has a 
modern plant in suburban Cleveland. For economy and 
efficiency, the firm's boiler plant is coal-fired and boasts 


the latest in coal and ash handling equipment. 


Coal offers many advantages to Addressograph-Multi- 
graph. It is easy to handle. Only one man per shift is 
required to run the boiler plant on a 24-hour basis. 
[here is no air pollution problem. And best of all is 
the low cost of operation! Coal costs 29.6% less than 
the next cheapest fuel and 35% less than the third one! 
With these benefits, no wonder Addressograph-Multi- 


graph isa satisfied user of coal! 


Investigate Your Fuel Costs 


If you're planning to modernize your plant or build a 
new one—or if you are just interested in cutting fuel 
costs—find out how coal, burned the modern way, 


compares to other fuels. Talk to a consulting engineer 


or your nearest coal distributor. Their advice may 
save you thousands of dollars every year. 


facts you should know about coal 


In most industrial areas, bituminous coal is the lowest-cost 
fuel available. 
Up-to-date coal burning equipment can give you 10% to 
40% more steam per dollar. 
Automatic coal and ash handling systems can result in 
a virtually labor-free plant. 
Coal is the safest fuel to store and use. No dust or smoke 
problems when coal is burned with modern equipment. 
Between America’s vast coal reserves and mechanized 
coal production methods, you can count on coal being 
plentiful and its price remaining stable. 
For further information or additional case histories 
showing how other plants have saved money burning 
coal, write to the address below. 


NATIONAL COAL ASSOCIATION 
Southern Building, Washington 5, D.C. 
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The fuel that sparked our nation’s growth 


secures her greater future 


A young America—primed by a new 
ind power-packed fuel—-became a great 
industrial giant almost overnight. Coal 
had supplied the first unwavering spark 
which was to grow into the brightest 
productive flame the world has ever 
ATOWT 

After being served so well in the 
past and present, America looks again 
to dynamic coal for greater prosperity 
ind security in the future. The vast 
Bituminous fields along the Baltimore 
& Ohio contain excellent coals in wide 


Variety ivailable tor centuries to come. 


BITUMINOUS COALS 
FOR EVERY PURPOSE 


Highly mechanized mines, equipped and 
ready for any demands, will help main 
tain long-range cost stability. And 
improved utilization methods will 
meet the increased requirements of the 
future by providing greater coal-burn- 


ing eth ney. 


CALL ON OUR COAL TECHNICAL SERVICE 


You'll receive complete information from 
trained B&O experts about the kind and 
size of Bituminous coal that fits your needs 
best—at a price you want to pay. Write: 
COAL TRAFFIC DEPARTMENT 
BALTIMORE & OHIO RAILROAD 
BALTIMORE 1, MARYLAND 


Baitimore & Ohio Railroad 


Constantly doing things — better ! 


March 1955—-C OMBUSTION 





























Beller becatise .. There’s no guesswork when a 
silver-brazed joint is made with a Walseal fitting. Sil-Fos 
alloy, which appears as a fillet at the face of a Walseal 
joint, comes from rings which have been factory-in- 
serted in the end connections of Walseal fittings. The 
bright silver alloy fillet that you can see assures full 
penetration of alloy for a permanently leakproof joint. 


Cutaway view of a Walseal Tee showing: 


Walseal | 1 registered trade mark identifying bronz factory-inserted ring of silver brazing alloy; 
valves and fittings n tured by the Walworth Com fillet of silver brazing alloy that appears 
p Wal | j ‘ } f torv-in ted rin upon completion of Walseal joint; cutaway 
any iseali p i ( 1 ory nserte rings 


view of the completed joint showing that 





ilver brazing all dl ports. Walseal joint silver brazing alloy has flowed in both direc- 

in be made only with W eal ilve ind fitting tions from the factory-inserted ring 

If you're piping w vil, steam, air, oxygen, nitro 
gen, helium or othe! dustrial gases or refrigerant 
through brass, copp ypper-nickel pipe, you'll war Make it ‘a one-piece pipeline’ with WALSEAL 
to investigate Walse vailable in complete lines of 
bronze valve ind iting in four distinct pressure 
ranges from U t U0 psi. working pressure ¥ Our 
copy of Circular llo will be ent on request ce 
your near-by Walworth Distributor today, or write to WALWORTH 
Walworth Compan General Offices, 60 East 42nd 
Street, New York 1! N.Y Vanufacturey ince 1842 

valves .. . pipe fittings . . . pipe wrenches 

*Walseal fittings and valves ore being used 
Gt sub-zero temperatures as low os —350 F. 60 East 42nd Street, New York 17, N. Y 
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DISTRIBUTORS CENTERS THROUGHOUT THE WORLD 
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Complete Range of Sizes and Models in 
Both Medium and High Pressure Types 


MORE COMPACT THAN EVER.. 





* P-952A 


P-952A—Steam Turbine and Electric Motor drive gives flexibility in this compact 
Model P-ES2H size No. 25 unit. 


a Liilel. Lae Vi tells 


FUEL OIL PUMPING 
AND HEATING UNITS 


NATIONAL AIROIL Fuel Oil Pumping and Heating Units are specially designed 
to prepare, for combustion, all grades of fuel oil including No. 6 or Bunker "C”’ 
Oil and residuums. They will draw fuel oil from above ground or underground 
tanks, preheat it to proper constant temperature and deliver it to Oil Burners 
at an even pressure, best suited for the burners. Our Fuel Oil Pumping and 
Heating Units are the result of years of experience. They come completely 
equipped ready for steam, exhaust, condensate, oil suction, oil return, and 
electrical connections. All valves, regulators, etc., are readily accessible. The 
piping arrangement is easily understood. These compact, space-saving units 
are available in a range of sizes and models in both Medium and High Pressure 
types. For complete details, write for our Bulletin 40—very interesting and 
informative. 


OIL BURNERS and GAS BURNERS LOW AIR PRESSURE OIL BURNERS 
for industrial power, process and heating AUTOMATIC Ol BURNERS, for small 
purposes process furnaces and heating plants 
STEAM ATOMIZING OlL BURNERS GAS BURNERS 
SLUDGE BURNERS, Steam Atomizing COMBINATION GAS & OlL BURNERS 
MOTOR-DRIVEN ROTARY OjL FUEL OlL PUMPING and HEATING 
BURNERS UNITS 
MECHANICAL PRESSURE FURNACE RELIEF DOORS 
ATOMIZING OL BURNERS AIR INTAKE DOORS 
DUAL STAGE, Combining Steam and OBSERVATION PORTS 
Mechanical Atomization SPECIAL REFRACTORY SHAPES 


NATIONAL AIROIL BURNER CO., INC. 


1310 EAST SEDGLEY AVE., PHILADELPHIA 34, PA 


Southwestern Division 2512 South Boulevard, Houston 6, Texas 
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® Longer Service Life 


@ Lower Maintenance Costs 
@ Saving Installation Time 
© Smaller Inventory of Refractories 


HERE’S MOLDIT—the most success- 
ful line of hydraulic setting castable 
refractory materials for the greatest 
range of industrial heating applica- 


tions. 


WITH MOLDIT—mixed as ordi- 
nary concrete—you pour, cast or 
gun your own refractories in any 
size and shape, fast. No high-cost 
inventory of special shapes to main- 


tain. 


MOLDIT OUTLASTS THE REST. 
Air-sets, without prefiring, to full 
refractory hardness. More resistant 


to thermal shock and abrasion. 


PLANTS REPORT SAVINGS up 
to 90% in repair and maintenance 
costs when Moldit Castables re- 


place other refractories. 


Ashpit of large coal-fired boiler completely 
“gunned” with R&I Moldit. Records show 
not a single repair required in 11 years of 
constant service in a number of ash hoppers 
lined with Moldit. 


Gunning a 5," thickness of Moldit Chrome 
Refraciory on a boiler floor for maximum 
resistance to molten siag at 2750° to 
2850° F. Such floors hove been in service 
for 6 and 7 years without a failure. 


FOR EVERY REQUIREMENT 


Send for catalog on 10 different 
Moldit Refractory and Insulating Re- 
fractory Castables. Also get the story 
on R&I Super #3000, the truly 


“wonder” refrac fory bonding mortar, 


REFRACTORY & INSULATION 
CORPORATION 


bd New York 5, WN. Y. 


124 Wall Street 





Over 3000 power plants 
are Clarage equipped 


With mechanical draft fans especially, 
first cost is not the major consideration Economy is 
measured by your investment over the long pull 

That's why Clarage fans enjoy such a high standing 
in power produc tion Here's equipment designed and 
constructed to take punist ment in stride Wheels 
shafts, housings, bearings all are built above and 
beyond the demands of average service 

You can install Clarage equipment with confidence 
that operating and maintenance costs will be at an 
absolute minimum. Hundreds of Clarage fans in con 
tinuous service for 30 years and longer testify to that! 

Have us put the facts in your hands Request 
catalogs on Clarage Type RT induced and forced 

+ YOU CAN RELY ON drott fons Type W, Classes Ill and IV forced 
LARAG | > draft fans Type NH Class Il-A forced draft fans 


CLARAGE FAN COMPANY, Kalamazoo, Michigan. 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES . IN CANADA: Canada Fans, ltd 4285 Richeliew St Montreal 
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One of a Series 


Diamond Model IK 
Long Retracting 
Blower 


In a long retracting blower, a fool-proof and de- 
pendable means must be provided for propelling the 
carriage and rotating the lance tube. In Model IK it 
is done with a SINGLE MOTOR working through a simple system 
of rugged gears. The operating mechanism is a model of simplicity 
and reliability . . . only one set of motor elements, one set of 
control elements . . . one set of power supply facilities to operate 
and maintain. This drive produces a closely pitched helical clean- 
ing pattern which is most effective for all deposits and tube banks 
. without tube cutting 
Other features which users approve with enthusiasm are the 
mechanically operated valve with adjustable pressure control, and 
the positive gear drive. Ask for Bulletin 1080V. 


DIAMOND POWER SPECIALTY CORP. 
LANCASTER, OHIO 
Diamond Specialty Limited, Windsor, Ontario 


SINGLE 
MOTOR 





(air or gletrie) 
- Both Rotates and Propels 
the wong Lance Tube 











Diamond Model IK Long Retracting Blower. 
See its many features in Bulletin 1080, 





Latest data from 
Western Precipitation 


on Cottrell Recovery Equipment 


Do you have operations in your plant where gas-laden 
suspensions, wet or dry, are a problem? Such suspensions may 
be dropping on surrounding property, causing nuisance difficulties. 
Or perhaps important values are being lost in 

stack gases that can be profitably recovered. 

Whatever the nature of your recovery requirements, you will find 
this 40-page Cottrell booklet of great help. It contains 

up-to-date data on the latest advancements in the electrical 
precipitation field — prepared by the organization that pioneered the 
commercial application of Cottrell Electrical Precipitators almost 
a half century ago and has consistently led 

in new Cottrell developments. 


A copy of this data-packed booklet will be sent 
free to engineers and other executives inter ’ 


ested in recovery processes. Send your request 
to our neocrest office 


For nearly 50 years Western Precipitation has carried on a 
continuous research and development program on Cottrell Electrical 
Precipitators, Multiclone Mechanical Collectors and other types of 
recovery equipment. We are not affiliated with any other company 
in the electrical precipitation field except our wholly owned subsidi- 
aries, International Precipitation Corporation and the Precipitation 
Company of Canada, Ltd. We are equipped to serve you anywhere in 
the United States, Canada, and throughout the world! 











40 PAGES of 


helpful information 


on Recovering Dusts, Fly Ash, 
Mists, Fumes and other Sus- 
pensions from Gases. 


This booklet summarizes 


the important points design and plant engineers 
should know abouc Cottrell Precipitators .. . 





Basic types of Cottrell equipment. 
Principal elements in a Cottrell unit. 
Data on Mechanical and Electronic Rectifiers. 


Various types of Collecting Electrodes (rod curtains, 
corrugated plates, pocket electrodes, etc.). 


Typical ways of removing collected material. 
Various Shell Constructions (steel, concrete, brick, etc.). 


The effect of various factors on efficiency and 
performance. 


Data on CMP (Combination Mu'ticlone-Precipititor) 
Units. 


. and many other helpful facts on Cottrell 
design and operation. 
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